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PREFACE. 



The author has for some years been engaged as 
an instructor in engineering. He has enjoyed intimate 
acquaintance with students and with young men engaged 
in the actual operation of steam plants. Many students 
of steam engineering, while they may have had excel- 
lent training in mathematics and general science, are 
yet so inmiature that they do not readily make practical 
application of their general knowledge; and the aver- 
age operating man, despite his experience, realizes his 
lack of adequate grasp of fundamental principles — a 
lack which hampers his advancement. 

To help both classes of men, teaching them to think 
and to reason, they must be taught the subject in a 
manner which may supplement their present partial 
knowledge. 

Great difficulty has been experienced in securing a 
textbook fulfilling such requirements. The following 
pages have therefore been written with a view to pre- 
senting the fundamental principles of the use of steam 
and steam engines in an elementary manner. It is 
hoped that in thus offering in simple form the results 
of an experience gained in active engineering practice, 
a satisfactory foundation and guide may be furnished 
for further study. 



New York, Aug. i, 1913. 



I. y. L. 
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Elementary Steam Engineerings 

CHAPTER I. 

BECIPBOCATING ST£AM ENGINES. 

OTEAM ENGINES are divided into various classes 
^ according to their uses, as stationary, locomotive, 
marine, and portable. 

The essential principles are alike in all cases. They 
differ only in details due to varying conditions and the 
uses to which they are to be put. 

An engine may be horizontal, vertical, or a combina- 
tion of both. It may have one or more cylinders. It 
may be operated condensing or non-condensing, de- 
pending on whether the steam, after doing its work in 
the cylinder, is allowed to pass to a condensing appa- 
ratus or direct to the atmosphere. 

In all cases where mechanical power is developed by 
means of such an engine, the essential construction is 
that of a piston moving in a cylinder due to a pressure 
of steam delivered first on one side and then the other. 
This will produce a reciprocating, or forward and back- 
ward, motion of the piston, which motion is transformed 
into rotary motion by proper mechanical means. 

The admission of the steam to either side of the pis- 
ton is controlled by valves. The varying types and con- 
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2 ELEMENTARY STEAM ENGINEERING. 

struction of the valves are largely indicative of the 
different types of engines. 

Perhaps the simplest and, up to quite recent times, 
the most extensively used engines are those of the 
slide-valve type, and as the description of this type of 
engine will largely serve for all kinds it will be de- 
scribed first. 

THE SLIDE-VALVE ENGINE. 

Referring to Fig. i we have the cylinder A, within 
which is the piston B which is moved from one end to 
the other by steam entering alternately through the open- 
ings CC, the action being regulated by the slide valve D. 
The piston rod E passes through the front head of the 
cylinder. 

The piston is composed of several parts, the piston 
proper a, Fig. 2, and the follower &, which is fastened 
to the piston by several bolts, leaving an annular ring 
space extending completely around the piston. 

If the piston were made to fit tightly into the cylinder 
there would be no opportunity for the steam to escape, 
but the warping of the cylinder walls, expanding un- 
evenly, due to variations in temperature, would cause 
the piston to bind. 

To prevent this, the piston is made slightly smaller 
in diameter than the cylinder, and, in order to prevent 
leakage, the annular space B, Fig. 2, is filled by piston 
rings, the use of which is to prevent the leakage of steam 
and yet allow a rapid and free piston movement. 

One of the simpler forms of piston rings is shown in 
Fig. 3. This consists of a cast-iron ring slightly larger 
in diameter than the internal bore of the engine cylin- 
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RECIPROCATING STEAM ENGINES. $ 

der, turned eccentrically so that one side of the ring 
will be thinner than the other. The ring is cut diago- 
nally across the thin portion as shown. The cutting re- 
duces the length sufficiently that it may be sprung into 
place. 

In order to prevent leakage through the cut, the 
tongue C is placed in the slots provided. The result 
of all this is that the piston is free to move, because 
the packing r^lg may give and take without binding on 
account of any irregularity of the diameter, and it 
continues to spring outward as wear takes place, thus 
keeping everything steam-tight. On larger engines the 
piston rings are sometimes made in sections and pressed 
outward by springs inserted between the piston and 
the piston ring. 

On large pistons where several rings are to be em- 
ployed, instead of simply cutting grooves in the piston 
and springing the rings into place, a large ring is em- 
ployed called the bull ring. This contains grooves on 
the edges forming recesses in which the piston rings 
proper are placed, while the bull ring is pressed outward 
by means of studs and nuts as shown in the partial 
section of Fig. 2. 

The method of fastening the piston to the piston-rod 
is indicated in Fig. 2. 

The piston-rod is here shown tapered on the end. 
This rod fits a similar tapered opening in the piston. 
Both are then drawn tightly together by the nut A. 
This is made possible on account of the tapered form. 
There is little possibility of shaking loose due to the 
vibration incidental to the engine's action, and it is 
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much more easily machined and fitted than would be 
the case if a plain cylindrical joint were used. 

Steam is prevented from leaking through the open- 
ing in the cylinder head, where the piston-rod passes 
out, by means of suitable packing placed in the stuflbig 
box P, Fig. I. As will be seen here, the material of 
this cylinder head is so formed as to produce a circular 
recess around the rod, the lower end of this recess 
being cut to an angle of about forty-five degrees. The 
collar R, Fig. i, called the gland, fits easily into this 
recess. The inner portion of the gland is tapered in a 
similar manner to the bottom of the recess. The gland 
may be drawn in by means of the studs and nuts S S 
shown on either side. When thus held in position the 
space P is fiUed with packing. The action of the gland 
is to force the packing snugly against the piston-rod, 
allowing freedom of movement but maintaining a steam- 
tight joint. 

The cylinder of the engine is turned sUghtly larger 
at each end as shown at F, Fig. i, the object of which 
is to allow the piston to over-run at the end of each 
stroke. If this were not provided for, the constant 
rubbing of the piston would, in time, wear a distinct 
shoulder against which it would strike and possibly 
cause damage. The cylinder heads are fastened to the 
cylinder by means of studs and nuts as shown. The 
stud is a short metal bolt threaded at either end and 
having a blank space in the center. 

When the steam enters from the boiler through the 
main steam pipe H, it occupies a space I, called the 
steam chest; from the steam chest it enters the cylin- 
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der through the ports CC. The position of the slide 
valve D determines in which direction the steam shall 
enter. When the slide valve is in the position shown 
in Fig. i| steam from the steam chest will enter the 
port C and force the piston to the other end of the 
cylinder. The steam from the previous stroke which 
is filling the cylinder on the opposite side of the piston 
must have some means of getting out. It passes 
through the port C^ under the slide valve D, and out 
through the central exhaust port J, to the air. During 
the next stroke the conditions will be reversed. The 
valve will have moved far enough over to cover port C 
and uncover port C Steam will now enter from the 
steam chest through the port C^ forcing the piston 
towards the left, while the steam from the previous 
stroke will escape through C, under the valve D, to J. 
Steam which has not been used for developing power 
fs called LIVE STEAM. Steam which has done its work 
and been allowed to escape is called EXHAUST STEAM. 
As it is necessary to prevent condensation, as far as 
possible, the engine cylinder is often enclosed with a 
covering of wood called lagging; in this way an air 
chamber is formed around the cylinder in which there 
can be no movement of air, and as air at rest is a 
non-conductor of heat, it prevents, to a great extent, 
condensation of the steam in the cylinder. 
' At the outer end of the piston-rod is the cross-head N. 
The object of this is to guide the end of the rod and to 
take up the strain due to the angularity of the con- 
necting rod K. The cross-head consists of an iron 
block into which the end of the piston-rod is fastened 
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by threads or by means of a tapered joint and a wedge 
pin. The cross-head is kept in position by guides 
forming a part of the engine frame, and placed one 
above and one below the cross-head in the direction in 
which it receives the strain. 




Fig. 4- 



In order to prevent undue wear, the cross-head does 
not bear directly upon the guides, but a space between 
the two is fiUed by pieces of metal, called slippers, aa. 
Fig. 4, their bearing surfaces being composed of Bab- 
bitt or other anti-friction metal. These slippers are 
adjustable for wear so that they may be slightly tight- 
ened when necessary, in order to prevent the cross-head 
from running so loose as to be shaky, and yet not so 
tight as to prevent freedom of motion. 

The cross-head pin T, Fig. i, passes through one end 
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* 

of the connecting rod E. The other end of the con- 
necting rod rests on the crank pin U, which is fastened 
to the crank L. The opposite end of the crank is 
firmly fixed upon the crank shaft M. 

The ends of the connecting rod F, Fig. 5, are made 
square. The strap B is fastened in place by a gib and 



Fig. 5. 

cotter leaving a space which is filled by two gun-metal 
blocks CC, called the brasses. These are tightened to 
the required amount by means of the wedge-shaped 
pin D, which, upon being driven down, draws in the 
strap B, tightening the brasses CC upon each other. 
When first made the brasses do not quite touch; but 
after having been adjusted for wear a number of times 
the edges may come in contact at E. It is then neces- 
sary to take them out and file off the edges in order to 
allow for drawing them still closer together. Adjusting 
the brasses at the ends of the connecting rod may in 
time produce a change in the original center distance of 
the two ends. It is then necessary to insert thin pieces 
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of metal between the ends of the connecting rod and 
the brass at F in order to restore the original length. 
These thin pieces of metal are called shims. A change 
in the center distance of the connecting rod would make 
no material difference in the operation of the engine 
were it not for the fact that a shortening of this rod would 
cause the piston to come a little closer to the front 
head of the engine at each stroke and in time would 
so reduce the clearance space as to cause the piston 
to strike the head, when serious damage would result. 

The crank pin is usually shrunk into its place in the 
crank. This is done by turning the pin slightly larger 
than the hole in which it is to go, about one one-hun- 
dredth of an inch larger for each inch of diameter. The 
crank is then heated and the resulting expansion enables 
the pin to be slipped easily into position. As the crank 
cools its contraction causes it to grip the pin firmly. 

When the piston is at the end of its stroke a line 
drawn through the center of the piston-rod would also 
pass through the centers of the cross-head, crank pin 
and shaft. The engine is then said to be on dead 
center and no matter how much pressure might be 
exerted on the piston there would be no tendency for 
it to move. When the crank has moved around to an 
angle of ninety degrees from the dead-center line, the 
point of maximum power is reached. 

As the crank passes the dead centers at two points 
during each revolution, some means must be employed 
to help the engine over these points where little or no 
turning power is derived from the piston. A wheel 
with a heavy rim, called the FLY-WHEEL, placed on the 
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crank shaft, serves this purpose, for during that portion 
of the s^oke when the greatest power is developed, a 
part of it is used in setting this wheel in motion. Dur- 
ing the weakest portion of the stroke the momentum of 
the heavy fly-wheel restores some of this stored power 
to the shaft, thus helping to produce a regular and con- 
tinuous motion. 

When an engine is running so that a person standing 
at tlie cylinder end of it sees the crank pin move up and 
away from him it is said to be over-running; when the 
crank pin moves in the opposite direction the engine is 
said to be under-running. 

When an engine is over-running the pressure on 
the piston, transmitted through the crank shaft to the 
crank pin and doing the work, tends to produce a 
downward pressure at the cross-head during the first 
part of the revolution. During the second part of the 
revolution the piston is pulling the crank pin towards 
the cylinder and a similar downward pressure is again 
exerted. If the engine were under-running the pres- 
sure on the cross-head would be in an upward direc- 
tion, for similar reasons; thus, in the case of a sta- 
tionary engine designed to run only in one direction, 
slides on both sides of the cross-head are not abso- 
lutely essential, but as conditions may occasionally re- 
quire that the direction of operation of the engine be 
changed, and as the presence of both guides tends to 
stiffen and steady the engine frame, it is advisable 
that they be used. In case of marine, locomotive, 
hoisting, or similar engines, in which the direction of 
operation must frequently be changed, the guides on 
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both sides of the cross-head are a self-evident necessity. 
As the slide valve controls the admission of the steam 
which operates the piston, which, in turn, by means of 
a crank, changes its reciprocating movement into rotary 
motion at the main shaft, it is evident that some defi- 
nite relation must exist between the movement of the 
piston and the slide valve. These are mechanically 
connected more or less directly according to conditions 
presented in the design of the engine. It is apparent 
that if a small crank were attached to the main shaft 
and this in turn connected to the slide valve, this second 
crank could be placed in such a position, relative to 
the main crank of the engine, that it would operate the 
slide valve and cause it to open and close at such times 
as would be required for the proper admission of steam. 
The building of such a crank, however, would make the 
engine commercially expensive and in some instances 
seriously weaken the shaft. 

The same purpose is served in a far better way by 
the use of the eccentric. 

QUESnOXS. 

1. What is a steam engine? 

2. Name the principal parts of a slide-valve engine. 

3. Describe the piston. 

4. Describe the cylinder of a slide-valve engine. 

5. How are the cylinder heads fastened ? 

6. How is the piston made steam-tight? 

7. How is steam prevented from leaking where the piston and 
valve rods pass out of the cylinder and steam chest ? 

8. How does the steam reach the cylinder from the supply pipe ? 

9. What is the cross-head and its use? 

10. Sketch one end of the connecting rod. 

11. What are the dead centers? 

12. On which guide does the cross-head pressure occur? 
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CHAPTER n. 
ACTION OF THE ECCENTRIC. 

Imagine a pulley fitted on a shaft with a center hole 
concentric with its outer surface. When the shaft and 
pulley are rotated every point touched by the circum- 
ference of the pulley will at all times be the same dis- 
tance from the center of the shaft. 

In the eccentric, Fig. 6, the opening for the shaft 



is drilled out of center in the pulley, and it may be 
readily seen that, as the shaft rotates, a point indicated 
by the arrow will, at some part of the revolution, be 
quite close to the shaft and at another at a distance 
away from it, represented by the larger radius of the 
eccentric. 
The arrow, if its point were kept pressing against the 

13 
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circumference of the eccentric, would have a movement 
equal to the diflference, a, between the shorter and the 
longer radius. 

This principle is taken advantage of in engine con- 
struction for operating the slide valve. The eccentric, 
Fig. 7, consists of a disc having a shaft hole drilled out 




Fig. 7. 

of the center, and a groove turned in its edge. In this 
groove is fastened the eccentric strap C, the two halves 
of which are fastened together by bolts at DD. The 
strap is free to swing easily in the groove and prevented 
from sliding off at the sides by the raised edges. When 
the eccentric is revolved by the turning of the main 
engine shaft, the eccentric rod E receives a movement 
similar to that of the arrow in the previous illustration. 

The eccentric rod is sometimes directiy connected to 
the valve rod O, Fig. i, shown passing through the 
walls of the steam chest, leakage being prevented by 
a stuflbig box similar in construction to that described 
in connection with the piston rod. 

On other engines it is necessary to interpose a rocker 
arm F, Fig. 8. In this case the rocker arm F, pivoted at 
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6 to some suitable point of the engine frame, is also 
pivoted to the eccentric rod, as shown, and receives 
movement from it, which movement is imparted to 



:^ 



=fi 



\^ 




Fig. 8. 

the valve rod, at its upper end, and through this to the 
slide valve itself. 

The distance from the center of the hole in the eccen- 
tric to the true center of the eccentric disc is called the 
raditis of the throw* The throw of the eccentric is 
equal to twice this radius or the diameter of a circle 
whose radius is the distance between the eccentric and 
the concentric centers. 

In Figs. 9 to 15 are shown a number of diagrams 
illustrating the action of the eccentric in controlling the 
movements of the slide valve relative to the position 
of the piston at various points of the stroke and also 
indicating the necessity for the presence of LAP on 
a slide valve in producing economical operation of a 
steam engine. All of the diagrams show the piston 
moving forward on the same stroke. The position of 
each of the moving parts is indicated by the arrows. 

In Fig. 9 the piston is at the beginning of its stroke, 
and the plain slide valve, without lap or lead, is shown 
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Figs. 9-15. 
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just ready to open the port and allow the admission of 
steam. Reference to the circles at the right-hand side 
of the diagram will show that the small crank, represent- 
ing the eccentric, is placed at right angles to the main 
engine crank. When the piston has reached one half 
of its stroke. Fig. 10, the engine crank is vertical, the 
eccentric is horizontal, and it has brought the valve 
over as far as it will go during that stroke. The steam 
port is shown completely opened as well as the exhaust 
port. When the piston has continued to the end of 
the stroke. Fig. 11, the position of the crank has been 
advanced one fourth of a revolution. The piston, con- 
necting rod, and crank are again on dead center and 
the slide valve has again closed both ports, while the 
one on the right-hand side is just ready to open for the 
return stroke. It is clearly seen that with such a con- 
struction there can be no cut-ofF and no expansion of 
steam. The steam must, of necessity, follow during 
the entire stroke and cannot be cut off previous to the 
end of the stroke, for if the position of the eccentric 
crank were such as to allow the valve to close one 
steam port before the end of the stroke, it would, at 
the same time, open the opposing port for the admis- 
sion of steam. In Fig. 12 there has been added to 
the valve, both inside and outside, an amount of mate- 
rial producing the LAP, and the valve and piston are 
placed as before, the valve being barely opened in order 
to allow the admission of steam to the cylinder. We 
find that the eccentric crank has been advanced in 
the direction of rotation an amount represented by the 
angle between its original point, as shown by the dotted 
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line A| and its present position as shown at B. Tliis 
amount is called the angular advance of the eccen- 
tric and is equal to the amount required by the lap 
and the lead. As the engine rotates and the piston has 
reached its quarter stroke. Fig. 13, the steam port is 
entirely opened, as is also the exhaust port, allowing a 
free exhaust. On reaching the half stroke. Fig. 14, 
it will be noticed that the valve is now traveling in a 
direction opposite to that of the piston and that the port 
has just been closed. Consequently, from this point 
on during the remainder of the stroke the piston will 
be propelled by the expansive force of the steam only. 
At three quarters of the stroke. Fig. 15, both ports are 
shown closed. The piston is still moving forward, due 
to the expansion, and the exhaust now being closed, 
compression is taking place and will continue during 
the remainder of the stroke. At the end of the stroke 
the conditions shown in Fig. 12 will again exist, but, of 
course, in the reverse direction. 

From the foregoing it will be noted that with lap 
added, with the piston on center, and all parts moving 
forward, it is necessary to give the eccentric sufficient 
angular advance to produce the required lead at the 
beginning of the stroke. It will also be seen that in- 
creasing the outside lap will allow of cutting off steam 
at an earlier period of the stroke, thereby increasing 
the expansion, while decreasing the outside lap pro- 
duces reverse results. 

It may also be noted that the addition of inside lap 
to the exhaust valve causes an earlier closing of the 
exhaust valve, therefore increased compression. This 
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also would delay the release of exhaust steam. Con- 
sequently in designing an engine, the amount of lap, 
both inside and outside, must be carefully considered 
in their relation to the general periods of cut-off| ex- 
pansion, and compression. 

As the eccentric, in the position shown, controls the 
valve in such manner as to admit steam as required to 
produce a forward movement of the engine, a little 
thought will make it clear that in order to operate the 
engine in the opposite direction, it will be necessary to 
place the eccentric in a reverse position. It is incon- 
venient to do this while the engine is in operation. 
On locomotive, marine, or similar engines, two eccen- 
trics are employed. One is set in the proper position 
for operating ahead, the other is in a position for re- 
verse. These are placed in active operation in con- 
nection with the valve rod by means of a link motion, 
Fig. 16, so arranged that when the link is in the central 




Fig. 16. 

position neither eccentric has any control over the valve 
movement. But when one or the other is shifted into 
position by the link, it changes the valve position so 
as to enable the engine to run forward or backward, as 
desired. 
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As the steam must be ready to propel the piston as 
soon as it passes the dead center, or the beginning of 
the stroke, the lap of the valve enables us to open the 
port slightly before the beginning of the stroke, likewise 
to close it before the end of the stroke. 

liAP represents the part added to the valve which 
makes it wider than the port opening. 

LEAD represents the space the valve is open when 
the piston commences to move forward. 

VALVE TRAVEL is the distance the valve m^ves 
during the stroke. 

The TRAVEL of a slide valve equals the outside 
lap plus the width of the steam port m,ultiplied by 
two. 

Clearance. — This is the space between the piston 
and the head of the cylinder at the end of the stroke. 
It also includes the volume of the steam passages or 
ports between the cylinder and the valves. To a cer- 
tain extent clearance is a drawback on account of the 
quantity of steam which occupies the space; still, on 
the whole, it is an advantage, for when steam is used 
expansively, the steam in the clearance space expands 
as well as the rest, and adds slightly to the power de- 
veloped. A convenient method of measuring the clear- 
ance volume is to place the piston at the end of the 
stroke, fill the clearance space with water, and, drawing 
it off in a measure, calculate its volume in cubic inches. 

Steam Jacketing. — As it is an advantage to main- 
tain a constant temperature in the engine cylinder in 
order to avoid condensation, the engine casting is so 
made that the cylinder proper is enclosed in an external 
shell thus forming an annular space between the outer 
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shell and the cylinder which is filled with steam. Such 
a construction is called a steam jacket. 

Wire Drawing. — When the main valves are not 
sufficiently large or are partly closed, so that the steam 
does not enter with sufficient rapidity to maintain the 
pressure behind the piston, it is said to be wire drawn. 

Relief valve. — Some condensation of steam may 
take place in the cylinder at any time, also water may be 
carried into the cylinder with the live steam; and, par- 
ticularly when starting an engine cold, after a period 
of rest| condensation is likely to take place. To enable 
us to get rid of this water, relief or drain valves are 
connected to the engine cylinder and are opened by 
the engineer for a short time, usually on starting. 
After the engine is warmed up they are again closed to 
prevent any excessive escape of steam. As water is 
practically incompressible, should a quantity collect in 
the cylinder serious damage might be caused. When 
an engine is operating under such conditions that this 
is apt to occur, relief valves similar in form to spring 
safety valves are sometimes placed in the cylinder 
head. These will provide means of escape for the 
water without injury to the engine. 

QUESTIONS. 

1. How is the slide valve operated? 

2. Sketch and describe the eccentric. 

3. What is the travel of a valve? 

4. What is meant by lap and lead? 

5. What is the angular advance of the eccentric? 

6. What effect has the angular advance of the eccentric on the 
running of the engine ? 
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7. Define clearance; steam jacketing; wire drawing of steam. 

8. What is a relief valve ? 

9. How may the direction of rotation be changed ? 

10. What is the travel of a valve? 

11. If the eccentric center is offset 2 inches, what will be the 
lengtii of the valve travel? 
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CHAPTER in. 
THE GOVERNOR. 

If the eccentric is considered as a small cranky fas- 
tened to the engine shaft by means either of a key or 
iet screw or both, it may be so adjusted relative to 
the main crank that its action transmitted through the 
various rods will open the inlet port into the cylinder 
just before the piston is ready to start on the forward 
stroke, thus admitting a supply of steam. 

It is evident that a given quantity of steam will do 
but a certain amount of work. If the engine is running 
at a certain speed with a certain load and a greater 
number of machines are put on or the load increased 
in any way without varying the amount of steam sup- 
plied, or if, on the other hand, the load is decreased 
and the same quantity of steam is allowed to enter the 
cylinder, it is readily seen that the engine will slow 
down in the first instance and increase in speed in the 
second. 

It is necessary, therefore, to change the quantity of 
steam delivered to the cylinder in accordance with the 
work that the engine is called upon to do at any given 
time. For this ptupose a governor is employed. 

The principle of the governor is as follows: 

Let us assume a vertical rod a. Fig 17, connected to 
the main shaft of the engine by means of a belt oper- 
ating through a pulley and two beveled gears p and p^ 

23 
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SO that the rod a revolves at the same speed as the 
engme shaft. Suspended from pivots in a block c at 




. Pig. 17. 

the upper part of rod a are two rods e, e, on the extrem- 
ities of which are fastened the weights d^ d. 

In accordance with the well-known principles of cen- 
trifugal force and gravity, as the rod a increases or 
decreases in speed, the weights d^ d will rise or fall. 
Pivoted at e, e aire two rods also pivoted to the collar 
/, which is free to rise and fall upon the rod a. Any 
change in speed of the engine shaft will cause a corre- 
sponding change in the speed of the rod a, also a change 
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in the position of the weights cf, d and in the vertical 
position of the collar /. If now the main steam pipe g^ 
supplying the engine, be considered as having a valve 
at n, the valve rod being connected to the bell crank i, 
which in turn is pivoted to the collar /, it will be seen 
that as the speed of the engine increases, due to a 
decrease of load, the collar / will rise and, through the 
various levers and the valve n, will partially close the 
opening of steam pipe g. On the other hand a de- 
crease in speed, due to an increase of load, will cause 
the collar / to drop, thereby opening the valve n. In 
the one case less steam will be admitted to the cylinder 
and in the other, more, thus providing for the change of 
load, and maintaining a constant speed of the engine. 

An engine governor is constantly in operation, chang- 
ing with the load. A governor of this type is called a 
THROTTLING GOVERNOR. The pivoted rods may be 
replaced by springs serving the same purpose. Its dis- 
advantage is that the steam admission is regulated at 
a point some distance from the cylinder in which it 
is used. Consequently the regulation of the engine is 
not as close as might be desired. An improvement 
upon this type is that of the Corliss engine, a descrip- 
tion of which will be given later. 

The previous illustration of the governor is correct 
in principle, but it is merely a general description of 
the governor action and its application to the regula- 
tion of steam engines by varying the supply of steam to 
meet the conditions existing at any given time. Gov- 
ernors vary in detail of construction with almost every 
make of engine. They are all built, in general, along 
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similar lines and operate on the principles of throttling 
and automatic cut-off. In the former case, as already 
mentionedy the operation takes place at some little dis- 
tance from the cylinder, in consequence of which the 
action is slow and not sufficiently sensitive for high 
speed or economical work. Modem practice in this 
line has made it necessary to bring the action of the 
governor as close to the cylinder as possible and pref- 
erably to have it operate directly on the steam valve, the 
length of ports between the valve and the cylinder being 
made as short as possible. An excellent illustration 
of this type is that of the Corliss engine. Fig. 64, where 
two steam valves, one at either end of the cylinder, are 
immediately controlled by the governor. In case of a 
slide-valve engine, as illustrated in the diagram showing 
its action. Fig. 15, a somewhat different problem is pre- 
sented, due to the fact that under certain conditions close 
regulation of the valve would not allow sufficient open* 
ing to introduce the required quantity of steam into the 
cylinder. This difficulty is overcome by what is called 
the riding cut-off. In this instance the valve and ports 
are allowed a generous opening for the admission of 
steam and two eccentrics are employed, one being per- 
manently located in position and regulating the general 
movement of the valve for the admission of steam, and 
the other being a movable eccentric, the position of 
which may be varied by the governor. This second 
eccentric controls a secondary valve riding on top of 
the slide valve proper and serving to cut off the steam 
at the required moment. 
The automatic type of governor, according to its 
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position, may be divided into two classes, namely: A 
fly -ball or pendulum governor ^ and the shaft governor. 
In these cases the centrifugal force, due to revolving a 
weight around a central pivot, is the operating power. 
In the fly-ball governor, similar in general construc- 
tion to the illustration previously given, the weights and 
rods, by which they are suspended, form a cone. The 
path through which they move is called the cone of revo- 
lution. When the governor is revolving about its axis 
at a constant speed the weights revolve in a circle, hav- 
ing the radius r. Fig. 18. The distance from this plane 




^'^ 



Fig. 18. 



to the intersection of the rod is called the height and 
is equal to h. If the balls revolve fast, the centrifugal 
force increases, r becomes greater, and h diminishes.' 
The centrifugal force is expressed by the formula 

F = ; that is, the centrifugal force varies directly as 

the weight of the balls and the square of their velocity; 
and inversely as the radius. 
While the pendulum is revolving, centrifugal force 
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acts horizontally outward and tends to make the ball fly 
from the center; gravity tends to make the ball drop 
downward. 

From certain mathematical calculations it is deter- 
mined that the height hy Fig. i8, is independent of the 
weight of the balls or the length of the rod; it depends 
upon the number of revolutions. 

The height varies inversely as the square of the num- 
ber of revolutions. 




Fig. 19. 

As the speed increases the cone becomes shorter 
because the weights rise. A constantly increasing 
speed would produce a relatively diminishing height 
of cone. 

Such a governor is too sensitive for high-speed engines. 
When, however, it is desired to employ such a governor 
for fairly high speed, weights are added to the spindle, 
usually above the collar /, Fig. 17. 
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Shaft governors, as their aame implies, are 
fastened directly to the shaft, or to some comiecting part, 
and revolve with it. They are of two general forms, 
known as centrifugal and inertia governors. 

The principle of the first type is illustrated in Fig. 19. 
An arm whose length is r is pivoted at some point on the 
fly-wheel, having attached to it a weight w. At a dis- 
tance r' from the pivot a spring is attached so as to act 
at right angles to the arm. 

The centrifugal force of the weight, when the engine 
is running, will be balanced by the pull of the spring 
and the pull on the arm. But as the latter acts directly 
through the supporting pivot it may be neglected. When 
the engine increases in speed, the weight is thrown out 
toward the rim of the wheel and, by means of a lever 
through which it is connected to the eccentric, it shifts 
the eccentric's position so as to produce an early cut-off. 
Remember that the amount of valve travel is governed 
by the throw of the eccentric, which, in turn, depends 
upon the distance out of the true center that the shaft 
hole is bored in the eccentric. Also bear in mind that 
were this hole in the true center, the eccentric would 
impart no movement to the slide valve. 

The INERTIA GOVERNOR, Fig. 20, consists essen- 
tially of a bar with a weight at either end pivoted at the 
pin c. A spring d tends to hold the weights and the bar 
in the starting position against the stop e. The eccentric 
rod is connected to the pin / which takes the place of 
the eccentric. As the speed increases, the centrifugal 
force of the weights is increased until it overcomes the 
tension of the spring d^ and the bar swings about its 
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supporting pivot c, changing the position of the pin / 
relative to the center of the shaft, and producing the same 
effect as was produced by the shifting of the eccentric in 




Fig. 20. 

the previous description. If there should occur a sudden 
change of load the weights will tend for a moment to 
continue ahead at the same speed at which they were 
traveling. They may, therefore, run ahead or lag be- 
hind. The result of this action is to change the position 
of the eccentric pin in its relation to the center of the 
shaft. In such a governor the inertia of the cross bar and 
weights materially supplements the centrifugal force and 
increases its sensitiveness. 
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QUESTIONS. 

z. How is the speed of an engine controlled? 

2. Make a sketch embodying the principles of governor opera- 
tion. 

3. What objection is there to the throttling governor ? 

4. In a pendulum governor, what effect has the speed of rota- 
tion on the position of the weights? 

5. What effect has the weight of the balls on the height? 

6. How does the height vary? 

7. What is a shaft governor? 

8. Name two forms of shaft governors* 

9. Describe a centrifugal governor, 
zo. Describe an inertia governor. 
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CHAPTER IV. 
ENGINE CALCULATIONS. 

The horse power of an engine is calculated on the 
basis of a period of one minute of time. One mechanical 
horse power equals 33,000 foot pounds of work done in 
one minute. 

If, for example, a certain engine is doing 33,000 foot 
pounds of work and is requiring two minutes' time to do 
that work, it is working at the rate of one half of one 
horse power. If it does the work in thirty seconds or 
one half minute, it will then be able to do twice the work 
in one minute and is working at the rate of two horse 
power. 

In the steam engine we may determine the horse power, 
providing we know the pressure of steam, area of the 
piston, and the number of feet through which the piston 
travels per minute. The distance that the piston travels 
from one end of the cylinder to the other is called the 
stroke. The diameter of the cylinder, which equals 
the diameter of the piston, and the length of the strokes 
are usually given in inches. 

The pressure of the steam is given in pounds per 
square inch and it should be remembered that there are 
two strokes per revolution. With these facts in mind 
we may lay down the following rule: 

The pressure of steam per square inch times the 
number of square inches in the area of the piston 
equals the total weight or load to be carried* 

32 



Digitized by VjOOQIC 



ENGINE CALCULATIONS. 33 

Ttvice the number of revolutions multiplied by the 
length of the stroke in feet eqtial the distance through 
which the load is to be carried. The length of the stroke 
is calculated in feet, as we are determining the number 
of foot pounds of work. Then, the total load times the 
distance through which it is carried in one minute 
equals the nuniber of foot pounds. In reducing this to 
a convenient formula, we have the following: 

S^ = H.P. 
33,000 

In the formula the pressure on each square inch is 
indicated by the letter P, the length of the stroke in 
feet is indicated by the letter L, the area of the piston 
in square inches by the letter A, and the number of 
strokes per minute by the letter N. The number of 
foot pounds per horse power is indicated by the figures 
33,000. 

Find the horse power of an engine whose cylinder is 
ten inches in diameter, the length of stroke two feet, 
the pressure per square inch fifty pounds, with engine 
making one hundred revolutions per minute. 

PLAN so (lb.) X 2 (ft.) X 78'S (sq. in.) X 200 (strokes) 
33,000 33>ooo (ft. lb.) 

^ 1,570,000 (ft. lb.) ^p^ 
33,000 

The diameter of the cylinder and the length of stroke 
are expressed in inches. An engine having a cylinder 
twelve inches in diameter and a stroke of two feet 
would be written 12" X 24". 
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When the exhaust steam is allowed to escape directly 
to the atmosphere, after having been used in the 
engine cylinder, the engine is said to be running non- 
condensing. 

In some causes the exhaust steam is run to a condenser 
and after having been condensed is sent to the boiler to 
be used over again. Such an engine is of advantage 
because the use of the condenser enables us to produce 
a partial vacuum on the one side of the piston. The 
reduction of pressure thus obtained is an immediate 
gain in power. When the steam enters one side of the 
cylinder, let us say at a pressure of one hundred pounds 
per square inch, this is not entirely available in produc- 
ing work. Some of it is used in doing the work neces- 
sary to overcome friction in the engine itself. Some 
more of it is required to force the exhaust steam out 
into the air if it is a non-condensing engine ; the exhaust 
steam offers resistance, because in order to get out of 
the cylinder it has to displace the atmospheric air; also 
considerable friction is produced in passing through 
the pipes, fittings, valves, and other obstructions which 
it meets between the cylinder and the outer air. This 
resistance is called back pressure^ and the amount of 
work required to overcome this back pressure must be 
subtracted from the pressure of the steam entering the 
cylinder in order to determine how much we have left 
as effective pressure to do the external work. If, for 
instance, the back pressure, due to friction in the pipes, 
etc., plus that due to the atmosphere equals seventeen 
pounds per square inch and the pressure entering the 
cylinder equals one hundred pounds per square inch, 
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then seventeen of the origmal one hundred pounds must 
be used to overcome the back pressure, leaving us only 
eighty-three pounds as actual effective pressure to do 
the external work. 

If the engine is connected to a condenser and, instead 
of exhausting steam direct to the atmosphere, exhausts 
it to the condenser where it is changed into water, the 
volume of this water will be far less than the volume of 
steam which formed it. Consequently a partial vacuum 
will be formed on the exhaust side of the piston and 
the back pressure will fall from the previous seventeen 
pounds per square inch to perhaps seven pounds per 
square inch, giving us a total gain in effective pressure 
of ten pounds per square inch, and if the piston ha$ an 
area of one hundred square inches, a gain of ten pounds 
per square inch will equal a total pressure of one thousand 
pounds. 

In the early days of engineering, when low-pressure 
steam was used, it was customary to carry the pressure 
during the entire length of the stroke. Modem prac- 
tice, however, proves that it is more economical and 
that greater efficiency is developed by using steam of 
higher initial pressure. We can thus take advantage 
of the expansive power of the steam by closing the inlet 
valve at some early period in the stroke. This will 
allow the work, during the remainder of the stroke, to 
be done entirely by the expansive force of the steam. 
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QUESTIONS. 

1. What is a mechanical horse power? (H.P.) 

2. What must be known in order to calculate the horse power? 

3. Give the formula for the calculation. 

4. Find the H.P. of a 10' X la'' engine making 250 revolutions 
per minute with a pressure of 45 lb. per sq. in. 

5. Find the H.P. of a 12'' X 2$" engine making 90 revolutions 
per minute with an average pressure of 50 lb. per sq. in. 

6. If, in the previous question, it is desired that the engine 
should develop 75 H.P., what change could be made ? 

7. A 20^" X 36^" engine has 40 lb. M.E.P. (mean effective 
pressure) and 60 revolutions per minute; required to find the H.P. 
developed. 

8. If the above engine were required to develop 175 H.P., 
what change in pressure should be made, the other conditions 
being allowed to remain? 

9. If the change were required to be made by increasing the 
number of revolutions, how many would be necessary ? 

10. If an engine were required to develop 175 H.P. at 60 revolu- 
tions, M.E.P. of 40 lb., a stroke of 3 ft., what should be the diam- 
eter of the cylinder? 

11. In the previous question, what would be the capacity of the 
cylinder if 6 per cent were allowed for clearance ? 

12. If 045 lb. of steam per stroke were used, what weight of 
steam per hour would be required at 200 revolutions ? 

13. What is a non-condensing engine? 

14. Define back pressure. 

15. What is the effect of back pressure on the operation of the 
J? 
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THE PISTON. 

Piston speed is the distance through which the pis- 
ton travels during one minute. It is not at the same 
rate as the crank pin for the reason that, although me- 
chanically connected together, the crank pin moves along 
the circumference of a circle while the piston moves a 
distance equal to the circle's diameter. Bearing in mind 
that the crank pin moves along one half of the circum- 
ference of the circle for each stroke, the ratio of move- 
ment is 

Crank-pin speed : piston speed :: ^^-^ — : i, or 1.5708: i. 

2 

With a mean piston speed of 1000 feet per minute 
we have 1000 X 1.5708 = 1570.8 feet per minute as the 
mean crank-pin speed. 

As the work done on both pin and piston is the same 
while the speed of the pin is 1.5708 times that of the 
piston, then the mean pressure on the crank pin is 

-of that on the piston. 

1.5708 

PISTON DISPLACEMENT, or volume swept by the pis- 
ton, is equal to the area of the cylinder times the length 
of the stroke, and equals the amount of steam displaced 
by the piston during one stroke. 

The pressure on the cross-head exerted through the 
connecting rod and crank pin causes a strain on the 
guides which varies throughout the stroke, and varies 

37 
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on different engines according to the angle taken by the 
connecting rod. This angularity of the connecting rod 
on any individual engine depends on the length of the 
rod itself, for a short rod would, evidently, at some point 
produce an angle more nearly approaching a right angle 
than would be possible if the rod were of two or three 
times its length. The length of the connecting rod must 
not be too long, however, both on account of the space 
it would require and because a long rod would be flexible 
and mechanically weak. 

To determine the pressure or thrust on the guide we 
may use the following formula: 
Maximum thrust = 

pressure on piston X radius of the crank in inches 
length of the rod in inches 

The RADIUS OF THE CRANK is measured from the 
center of the crank shaft to the center of the pin. 

The diameter of the circle described by the crank pin 
is equal to the stroke of the engine and its radius is 
sometimes called the THROW. 

The portion of the total pressure on the crank pin 
which turns it about the shaft center is called the TAN- 
GENTIAL PRESSURE. 

If the circumference of the circle. Fig. 21, represents 
the path of the crank pin, then at the points a and e, or 
the dead centers, no turning effort is produced. But 
with the pin at c the turning effort is wholly expended in 
turning the shaft, and is equal to the line cb drawn to 
any convenient scale. The turning or tangential pres- 
sure varies from nothing at a to maximum at c. 
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Considering the connecting rod to be of indefinite 
length and neglecting the weight of the parts, to ascer- 




Fig. 21. 

tain the pressure at any point as /. Through / draw the 
line ff parallel to a&, resolve it into a parallelogram of 
forces, as shown, and the tangential line f/will represent 
the portion of the force ch used in turning the shaft, 
and fr will show the amount of force pressing on the 
bearing. 

BRAKE TEST. 

Two methods of determining the horse power of a 
steam engine are illustrated in the rules given for calcu- 
lating the H.P., and in the method of obtaining results 
from an indicator diagram. Still another method is 
often convenient: namely, by obtaining the brake H.P. 
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This requires the use of an apparatus called the prony 
brake, and the term brake horse power "is used to 
represent the power actually developed by an engine 
under such a test. These pieces of apparatus vary in 
design. The simple application, illustrating the prin- 
ciples involved, is shown in Fig. 22. Upon the fly-wheel 
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lena lh of Arm. 

Fig. 22. 

or pulley fastened to the main shaft is clamped a brake 
consisting of two wooden pieces lined with some material 
which may be saturated with water, in order to keep 
the pulley and brake from over-heating. It is provided, 
through the bolt a and the hand-wheel and bolt &, with 
a means for readily adjusting the tightness by which the 
pulley is held. The power arm of the brake c rests on 
a pivot placed on a scale. Supposing the engine to be 
rotating in the direction of the arrow and the hand-wheel 
tightened until any further tightening would reduce the 
speed below the normal running speed, then if the revo- 
lutions per minute and the weight registered by the 
scale be taken, the length of the brake arm being known. 
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we have the necessary items to determine the brake 
H.P., at this speed. If, for example, the length of the 
brake arm is 5 feet 3 inches, and the end resting on the 
scale weighs 3 pounds before tightening the hand-wheel, 
and if the engine is running at the required speed, with 
the weight registering 38 pounds, there remains 35 
pounds as the actual pull or force exerted by the engine. 
Supposing the revolutions to be 1000 per minute, and 
the brake arm were free to revolve, the extremity of 
the arm would describe a circle 10 feet and 6 inches in 
diameter, or 33 feet in circumference, and, as shown on 
the scale, it would have a pressure or pull of 35 pounds. 
Therefore, on the same principle as before, the H.P. 
equals the weight times the distance divided by 33,000. 
We then have the following result: 

33 X 1000 X 35 



33,000 



= 35B.H.P., 



or the brake horse power at this particular speed. 

The foot pound is the unit of mechanical 
WORK. The foot pound represents the amount of work 
required to lift a weight of one pound one foot high. 

THE HORSE POWER IS THE UNIT OF POWER. 

33,000 FOOT POUNDS EQUAL ONE HORSE POWER. 

To determine the horse power we must note the 
number of foot pounds of work done in a given time. 
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QUESTIONS. 

1. What is piston speed? 

2. What is piston displacement? 

3. What is the angularity of the connecting rod? 

4. What effect has the angularity of the connecting rod on 
the crank pin? 

5. How may the maTimum thrust on the guides be determined ? 

6. What is the crank radius? 

7. What is tangential pressure? 

8. What will be the mean pressure on the crank pin of an 
engine 24 in. in diameter, 36 in. stroke, 45 lb. M.E.P. ? 

9. In an engine having a cylinder diameter of 36 in., a stroke of 
24 in. and a mean pressure of 50 lb., what is the mean pressure 
on the crank pin? 

10. How may the brake horse power be determined? 

11. Find the B.H.P. of an engine making 250 revolutions with 
a scale pressure of 100 lb. and a brake arm 3 ft long, the weight 
of the arm being 5 lb. 
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WORK DONE BT STEAM DURING FORMATION. 

Let us assume a vessel in which we have placed one 
pound of water at a temperature of 32'' F., and resting 
upon the surface of the water is a piston and a weight 
which together represent the pressure of the atmosphere. 
If we apply heat to the vessel the water will become 
heated and the temperature will continue to rise until 
the thermometer registers 212^ F. If now the applica- 
tion of the heat be continued, steam begins to form. As 
it forms, the piston rises and continues to rise during the 
formation of the steam. The thermometer, however, 
does not indicate any change in the temperature during 
this time. Finally a point is reached when the last drop 
of water has been transformed into vapor. This vapor 
is called SATURATED STEAM. If the application of 
heat is still further continued we will produce SUPER- 
HEATED STEAM, the temperature of which will rise 
according to the continued application of heat and will 
perform additional work by lifting the weight to a g|-eater 
height. Now, if the vessel is of considerable height and 
has an area of i square foot equal to 144 square inches, 
as I cubic foot of water weighs 62.5 pounds, i pound of 

water placed in such a vessel will stand - — or 0.016 of 

62.5 

a foot high. As the weight of the atmosphere at the sea 

level equals 14.7 pounds per square inch, there will be 
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Upon the surface of the water in this vessel a weight 
equal to 14.7 pounds per square inch or a total weight 
of 14.7 times 144, equal to 21 16.8 pounds. 

Starting with a temperature of 32^ and applying heat 
to it as before until the thermometer registers 212^, at 
which point formation of steam begins, we find that we 
have added to the water the difference between the 
two amounts, or 180 heat units, which amount is required 
to raise the water to the point where the formation of 
steam begins. 

A SEAT UNIT (H.U.) is the amount of heat re- 
quired to raise the temperature of one pound of water 
one degree Fahrenheit, taken at its greatest density, 
about 39° F. 

Contintiing now the application of heat as before, until 
the water has been entirely changed into steam, we find 
that the piston has risen to such a point that at the 
moment when the water has all become steam it occupies 
the volume of 26.36 cubic feet. The total H.U. required 
to produce this change were 1146, of which 180, we have 
previously noted, were required to raise the water to 
steaming point and the remaining 966 to effect the mo- 
lecular transformation of water into steam. During the 
second portion of this experiment no rise in temperature 
has been observed on the thermometer and yet we know 
that heat has been delivered to the water in order to 
effect the transformation. The heat measured during 
the first portion of the experiment is called SENSIBLE 
HEAT. That absorbed during the second portion, but 
not showing on the thermometer, is called LATENT 
HEAT. This latent heat, 966 H.U., served two purposes. 
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First, to change the water into steam. 

Second, to do external work by lifting the weight 
pressing upon the surface of the water. If the weight 
or piston equals 21 16.8 pounds and we have raised it 
26.36 feet| this will equal 55,799 foot pounds. 

Now, as we have seen that the application of heat will 
produce work, there must be some relation between heat 
and work, — between a certain amount of heat and a 
definite amount of work produced, which is expressed in 
foot pounds. 

Referring to the definition of H.U., which is the amount 
of heat required to raise the temper- 
ature of one pound of water i^ F., 
taken at its greatest density, about 
39^ F., experiment has shown that 
ONE H.U. EQUALS 778 FOOT POUNDS 
OF WORK. 

This being the case, we find that 
to do the 55,799 foot pounds of work 
previously mentioned 55,799 4- 778 or 
71.72 H.U. were required. The bal- 
ance of the 966 H.U. used in changing 
the water into steam, or 894.28 H.n., 
was used in doing external work. 

Now, if we divide these figures, 
71.72, 894.28, and 180, respectively by Fig- 23- 

the smaller, we obtain the ratio of i : 12.48 : 2.5, which 
ratio expresses the respective proportion of the total 
1 146 H.U. 

To illustrate this graphically let us draw a rectangle, 
Fig. 23, according to these ratios. We will note then 



12.48 



J 



2.6 
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that the external work is the small shaded area at the 
top. It is self-evident that the external or useful work 
done by the steam is a very small part of the total work, 
and as the efficiency equals the area of external work 
divided by the total area we get: 
-^ . area of external work i * ^ ^ 

^^''''''^ = iSteHJiS^ 76 °' "^^ ^-^5^- 

Therefore, neglecting all other losses, which are con- 
siderable, in actual practice only the heat from 125 
pounds of coal per ton will produce useful work. 

If, instead of raising the steam to the pressure of 
14.7 pounds per square inch as in the previous instance, 
we increase the pressure to 100 pounds per square inch, 
on referring to a table of saturated steam we find that 
one pound of steam at this pressure of 100 pounds per 
square inch occupies a voltime of only 4.33 cubic feet. 
Employing the same vessel as before for changing the 
water to steam, one pound of water when changed to 
steam will then equal 100 pounds pressure times 144 
square inches times 4.33 equals 62,352 foot pounds, while 
one pound of steam at atmospheric pressure we found 
equals 55,799 foot pounds, thus showing a balance in 
favor of the high pressure of 7553 foot pounds. 

To produce the 100 pounds pressure, however, there 
was required a total heat of evaporation of 1 181. 91 H.U., 
while for the steam at atmospheric pressure there were 
required 1146.6 H.U., or 35.31 H.U. more for the high 
than for the low pressure. 

To find the work done per pound of water during the 
formation of steam without expansion, we have the 
following rule : 
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Volume per pound times pressure per square inch 
tim^s 14:4 equals foot pounds. 

The volume per pound is found by referring to the 
saturated steam table. 

Example. — Find the external work done by one pound of 
steam at 50 lb. pressure, the volume at this pressure being 8.31 
cu. ft 

Solution. — 8.31 x 50 x 144 = 591832 ft lb. 

As ONE HORSE POWER IS EQUAL TO 33iOOO FOOT 
POUNDS OF WORK IN ONE MINUTE, and m One hour 
we have 60 minutes, then during one hour one horse 
power will produce 33,000 times 60 or 1,980,000 foot 
pounds. Then using the result obtained in the previous 
example we have: 

'^ ^'^^ = 33*09 pounds of water required to produce 
591832 

one H.P. for a period of one hour. 

Reference to the table shows that very little more 
heat is required to produce high-pressure than low- 
pressure steam with equal weights of water; but if equal 
volumes of steam are used, this will not be true, for 
while 100 pounds of steam per square inch will exert 
twice as much pressure on the piston as 50 pounds per 
square inch, yet twice the volume of steam will be re- 
quired. Therefore, in modem steam practice advantage 
is taken of the expansive force of steam to produce 
economical operations. 
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TABLE OF PROPERTIES OF SATURATED STEAM. 
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CHAPTER Vn. 
THE EXPANSIVE WORKING OF STEAM. 

If we inclose a volume of gas in a cylinder having a 
movable piston and gage the pressure when the gas 
occupies the full volume, and if we then compress the 
gas to half that volume by moving the piston along the 
cylinder, the pressure will be found to have increased 
to double the original amount. By still further decreas- 
ing the volume to one third and then to one fourth of 
the original amount the pressure will be found to have 
increased correspondingly, whence we have Boyle's Law: 

100 



1— 



SO 

as 



I % 3 ^ 

Fig. 24. 

The volume of a gas varies inversely as the pres- 
sure, the temperature rem^aining constant. 
Construct a diagram. Fig. 24, drawing first a hori- 
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zontal then a perpendicular line meeting at some point 
O (the perpendicular line representing the pressure, 
and the horizontal one the distances). Divide the hori- 
zontal line into four parts, and mark at some suitable 
point on the vertical line the number loo to represent 
100 pounds. Draw a vertical line from the number i, 
on the horizontal line to an equal height with the loo 
mark. Joining the two we will have a rectangle, repre- 
senting a volume of gas at that pressure. Increase the 
volume to twice its size and the pressure will drop to 
one half or 50 pounds, and a horizontal line from that 
mark will meet a vertical line erected at the figure 2 on 
the line of distance, producing another rectangle. Re- 
peating the same process with the distances 3 and 4, 
we have the resulting pressures 33.3 and 25 pounds re- 
spectively. These rectangles represent areas, and the 
product of the pressures and volumes indicated on their 
respective lines always produces a constant number, 100 
in this instance. If the comers of the parts are con- 
nected, a curved line is produced which is the well- 
known hyperbolic curve. This theoretical isothermal 
curve is the true curve, showing the expansion of gases 
when maintained at a constant temperature. 

It is not, however, a true curve for steam engines, as 
we are unable, for various reasons, to maintain the con- 
stant temperature in the steam engine cylinder. 

As another illustration, given a volume of steam at a 
pressure of 100 pounds, expand it to six times its original 
volume, and the curve of expansion will be as shown in 
Fig. 25. 

We have previously noted that the pound of water 
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SI 



converted into steam at a pressure of loo pounds per 
square inch is capable of producing work equal to 62,352 



SO 




\^ 


10 


.==-. 


' ' ' I I 
'I'll 

: : : : ! 



Fig. 25. 

foot pounds; and under the same conditions, but at 
a pressure of 50 pounds per square inch, 59,832 foot 
pounds of work are produced, leaving a difference in 
favor of the higher pressure of 12,520 foot pounds. 




Xtnglk tn Hei. i 



Now, by employing a cylinder represented by the 
diagram. Fig. 26, i pound of water converted into steam 
at a pressure of 50 pounds per square inch occupies a 
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volume of slightly over 8 cubic feet. It will, therefore, 
fill our cylinder, whose volume equals 4 cubic feet, twice. 
If we allow the steam to enter from behind the piston, 
forcing it forward, and the steam continues to enter 
during the forward movement until, at the end of the 
stroke, the cylinder is filled with steam at a pressure 
of 50 pounds per square inch, the average pressure 
throughout the stroke will be 50 pounds per square 
inch, and the total work will be as follows: 
144 sq. in. 
50 lb. per sq. in. 
7200 lb. total pressure 
4 f t. length of stroke 
28,800 ft. lb. per stroke 

2 strokes 

57,600 ft. lb. total work done. 
If we transform the water into steam at a pressure of 
100 pounds per square inch, while it has twice the pres- 
sure, the volume will be sufficient to fill the cylinder only 
once. As before, we have : 
144 sq. in. 
100 lb. per sq. in. 
14,400 lb. total pressure 
4 ft. 



57,600 ft. lb. total work done. 
In either case, the same amount of work has been 
done, but in the one instance the work was done during 
one stroke, while in the other it required two. Also, as 
we have previously seen, a slightly greater amount of 
coal was required to produce the higher steam pressure. 
So far, the results are equal. 
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Let US, however, use our steam at 100 pounds pres- 
sure, but, when the piston has gone one fourth of the 
stroke, close the steam valve, allowing no more steam 
to enter during that stroke. 

THE POINT AT WHICH THE STEAM VALVE WAS 
CLOSED IS CALLED THE POINT OF CUT-OFF. 

We now have in the cylinder one cubic foot of steam 
at a pressure of 100 pounds per square inch. The steam 
now expands until it occupies the entire volume of the 
cylinder and has forced the piston to the extreme end of 
its stroke. 

According to the previous illustration. Fig. 24, the drop 
in pressure shown by the dotted lines will vary according 
to the following table : 
Pressure at: 
Beginning of stroke, 100 lb.; end of ist quarter, 100 lb. 



" 2nd quarter, : 


100 lb.; •' 2nd 


>} 


50 lb. 


" 3rd 


>i 


50 lb.; " 3rd 


}} 


33-3 lb. 


" 4th 


» 33.31b.; " 4th 


19 


251b. 


Average for 


ist quarter, loo lb. 








2nd 


75 lb. 








3rd 


" 41.66 lb. 








4th 


" 29.16 lb. 
4 )245.82 







61.451b. 

= mean effective pressure (M.E.P.) 
The average pressure, therefore, is 61.45 pounds; 
and we find at the end of this stroke steam of only 
25 pounds pressure. 

If we allow this to escape to the atmosphere it wiU be 
far less of a loss than when using it at full stroke under 
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a pressure of loo pounds. Again the average pressure 
throughout the stroke was 61.45 pounds times 144 square 
inches times 4 feet which equals 35}395«2 foot pounds. 
This is more work than was done during one stroke 
when the low-pressure steam was used, and as we cut 
off the steam when only one fourth of it had entered 
the cylinder, we still have left 3 cubic feet of steam to 
use during other strokes; so that with this method, the 
total work done by the steam at 100 pounds pressure, 
cut-off at one-fourth stroke, equals 35,395.2 foot pounds 
times 4 strokes, or 141,580.8 foot pounds. This is 
83,980.8 foot pounds of work more than could be done 
with the steam at 50 pounds pressure, at full stroke. 

This gives us 2.45 times the power and requires only 
an additional amount of heat of 14 H.U. 

Example. — Find the weight of steam or water used per hour, 
per H.P., at 100 lb. pressure, cut-off at one-fourth stroke, neglecting 
all loss. 

Solution. — 6145 lb. M.E.P. 
144 s q. in. 
24580 
24580 
6145 



8848.80 lb. total pressure. 
4 ft. stroke. 



35395.20 ft. lb. work during one stroke. 
4 strokes 



141,580.8 ft. lb. total work at 100 lb. pressure, at i cut-off. 

Then with the given conditions we have. 

Work per H.P. per hour 1,980,000 ,^ . . ,. x 

^ , T^^T = ^"^ = 13.9 lb. of water. (Ans.) 

Work per lb. steam 141,580.8 
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QUESTIONS. 

1. Describe in detail the process of converting water into 
steam at atmospheric pressure. 

2. What is saturated steam? 

3. What is sensible heat? 

4. What is latent heat? 

5. What is a heat unit? 

6. What is the mechanical equivalent of a heat unit? 

7. What is the total heat of evaporation for steam at atmos- 
pheric pressure at 50 lb.; at 100 lb. absolute? 

8. Give some advantage to be obtained by the use of hi£^- 
pressure steam. 

9. How much work is done in raising a piston 18 in. in diam- 
eter, 5 ft against atmospheric pressure? 

10. How is the efficiency of an engine determined? 

11. How many pounds of water per hour are required for an 
engine producing 10 H.P., and using a pressure of 50 lb. per sq. in. 
at full stroke? 

12. In the previous question what would be the result if the cut- 
off were at half stroke? 

13. If the volume of steam at 90 lb. pressure is 4.79 cu. ft, 
find the external work done during formation. 

14. Given a 16*" X 18' engine, find the area of the piston and 
volume displaced per stroke, neglecting clearance. 

15. If in the above question the pressure be 75 lb. per sq. in., 
the piston rod 3 in. in diameter, what will be the total pressure on 
each side of the piston? 

16. What is Boyle's Law? 

17. Draw a diagram showing the expansion of steam during the 
stroke, at i cut-off, initial pressure being 75 lb. 
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CHAPTER Vm. 
THE INDICATOR. 

It is essential for the correct and economical operation 
of steam engines that we should know exactly what is 
taking place inside the cylinder. The diameter of the 
piston, length of the stroke, number of revolutions, and 
pressure of steam in the boiler are factors readily ascer- 
tained; but the pressure condition during the stroke, 
correct or incorrect operation of valves, loss from various 
causes, and other factors of importance must be ascer- 
tained while the engine is running. Even in a slow- 
speed engine the time required for one stroke is but a 
fractional part of a second, so the instrument employed 
for this purpose must be capable not only of indicating 
just what takes place in the cylinder during the stroke 
but of recording it in a permanent manner for future 
reference. Such an instrument is called an INDICATOR 
and the principle of its action is as follows : Suppose that 
to one end of the engine cylinder there were connected 
another small cylinder A, Fig. 27, about § of an inch in 
diameter. It is evident that for any variation of pres- 
sure in the end of the engine cylinder there will be a 
like variation in the cylinder A, connected with it. If 
a piston B is placed in cylinder A the steam will act on it 
as it does on the engine piston C, but as the small piston 
is very light its movement must be opposed by such a 
resistance as will cause it to move in a manner similar 
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S7 



to the main piston. The piston-rod D passes through 
the cap E, which serves as a guide and holds the spring 
F. These springs are of steel and are stamped with 
numbers which represent the pounds per square inch 
which, when pressing on the piston, will move it against 




V 


K P 



Fig. 27. 

the pressure of the spring sufficiently to produce a dia- 
gram I inch high. The upward movement of the piston 
and rod, for instance in a pressure of 100 pounds per 
square inch, will, by means of the rod pivoted at H, 
raise the pencil K to a distance of i inch, O. Any 
weakening of the pressure will produce a corresponding 
lowering of the pencil, due to the spring acting on the 
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opposite side of the piston. If constructed as shown, 
the line drawn by the pencil would be curved; however, 
the addition of certain levers in the actual instrument 
enables us to produce a perfectly straight line. If, then, 
the pencil is allowed to rest on a sheet of paper, when 
the engine piston is at the beginning of the stroke, and 
if steam is admitted to the cylinder, the pencil instantly 
rises, drawing a line whose height represents the INITIAL 
PRESSURE or the pressure at the beginning of this 
stroke. If, while the piston C is moving forward, steam 
continues to be admitted, constant pressure maintained 
and the paper moved along at a rate proportional to the 
speed of the piston C, the horizontal line V will be drawn. 
Upon reaching the end of the stroke, the exhaust valve 
opens and, the pressure being released, the pencil drops 
along line O' to its original level, completing the record 
of the stroke by drawing the line P during the return of 
the piston to its original position. 

The height of the line O' indicates the TERMINAL 
PRESSURE or pressure at the end of the stroke, while 
V, being of constant height, indicates that full pressure 
was carried throughout the stroke. In this case the 
average pressure was equal to the initial pressure. The 
area of the diagram is also indicative of the amount 
of work done. Thus we produce the diagram of what 
occurs on one side of the piston; for a diagram of the 
other side another indicator must be used. Or one 
instrument may be connected to both ends of the cyl- 
inder by a three-way valve which allows the record of 
either end to be made at will or entirely shuts off the 
instrument. 
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An illustration of a theoretical diagram from a non- 
condensing engine is given in Fig. 28. Before making 
the diagram and while the indicator cylinder is shut off 
from the engine, thus being subjected to atmospheric 
pressure only, the line A is produced. The admission 
of steam at the begixming of the stroke produces the 
admission line IS. From S to V the steam continues 
to be admitted; at V, which is the point of cut-off, the 




Fig. 28. 

inlet valve begins to close. While its action appears to 
the eye to be instantaneous, it requires an appreciable 
amount of the time occupied by the entire stroke. From 
V to E the valve closes; from E to X is the expansion 
curve. At X the exhaust valve opens and the line B, 
by its height above zero, represents the absolute back 
pressure. At D the exhaust closes and the small amount 
of steam remaining in the cylinder is compressed during 
the remainder of the stroke, producing compression of 
steam at the end of the stroke and serving to cushion 
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the piston, and by slightly adding heat to the cylinder 
at this point the condensation of the incoming steam is 
reduced. In a non-condensing engine the back pressure 
is equal to the atmospheric pressure plus the resistance 
to the passage of the exhaust steam due to friction in the 
pipes, valves, fittings, etc. If, for example, we have an 
initial pressure in the cylinder of loo pounds absolute. 
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Fig. 29. 

and the back pressure is 20 pounds absolute, we will 
have as effective pressure only 80 pounds, as we must 
use 20 pounds of the initial pressure to balance the 
20 pounds back pressure. Now, as one of the reasons 
for making this diagram is to enable us to calculate the 
horse power of the engine, and as the effective pressure 
which does work varies during the stroke and according 
to conditions existing when the diagram is taken, it is 
therefore necessary to determine the average or mean 
effective pressure (M.E.P.) during the stroke. This is 
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found by subtracting the average back pressure from 
the average absolute pressure. The best method of 
domg this is by the use of the planimeter, described in 
another section. Where a planimeter is not available 
the following method is often used. 

Divide the diagram vertically into a number of equal 
parts, usually ten, Fig. 29. Add the lengths of the dotted 
lines in inches in the center of each section and divide 




Fig. 30. 

the sum by the number of sections. This result multi- 
plied by the scale of the spring used equals the average 
pressure. Perform the same operation and measure 
up to the back-pressure line ; the resulting average back 
pressure subtracted from the first result gives the mean 
effective pressure. 

In a condensing engine the exhaust steam passes to 
a vessel where it is rapidly cooled and condensed to the 
form of water and the immediate result is a partial 
vacuum. On that side of the piston the back pressure 
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is reduced and the effective pressure correspondingly 

increased. 

The resulting diagram is shown in Fig. 30, where the 

area beloyir the original back-pressure line B is clear 

gain. In order to obtain the best results, however, 

from this method, it is advisable to apply it to compound 

engines. 

INDICATOR CARDS. 

A few points recorded by the indicator are shown in 
Figs. 31, 32, and 33. 

The general outline of the diagram is shown by the 
dotted line; the solid line indicates the point of interest 
in each. 

No. I. — Too early admission. The full pressure is 
reached before the end of the stroke. 

No. 2. — Late admission. The piston has begun to 
move forward and, the inlet valve not being open, the 
pressure, due to compression, drops, as shown by 
the little spire or point, until, steam being admitted, the 
pressure rises, but not with sufficient rapidity, on account 
of the forward movement of the piston, to produce a 
vertical line. 

No. 3. — Early cut-off. The steam valve closes so 
early in the stroke that by the time the piston has 
reached two thirds of the stroke the smaller quantity of 
steam admitted has been expanded down to atmospheric 
pressure. From this point to the end of the stroke, the 
increased volume, causing decreased pressure, produces 
a partial vacuum in the cylinder, as shown by the loop 
below the atmospheric line. Tlfe area of this loop 
represents negative work. 
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No. 4* — Showing engine running with a heavy load, 
point of cut-off occurring very late and the exhaust of 
steam at fairly high pressure. 

No. 5. — In this case the exhaust valve opens and the 
steam passes out before reaching the end of the stroke, 
thus having no effect in propelling the engine during the 
last portion of the stroke. 

No. 6. — The exhaust valve had not opened when the 
end of the stroke was reached and did not open until 
some little distance along the return stroke, as shown by 
the rise in back-pressure line, until a point was reached 
when the valve opened. 

No. 7. — Exhaust valve closes early. As a result the 
compression is carried to a point greater even than the in- 
coming steam pressure, as shown by the loop in the upper 
left-hand comer. 

No. 8. — The opposite of the previous example. The 
valve closing too late produced very little compression. 

No. 9. — Admission of steam took place at the proper 
time but either the throttle was not sufficiently opened or 
the supply pipes were too small because the pressure of 
steam was not maintained until the point of cut-off was 
reached, as shown by the gradual dropping of the line 
as the piston advanced. This is an illustration of wire 
drawing. 

No. 10. — While the exhaust valve opened at the 
proper moment, there was not sufficient space for the 
rapid passage of the exhaust steam. As the piston 
returned upon its stroke the back-pressure line shows 
above its normal position, gradually reaching the correct 
point as the steam escaped, but requiring almost an 
entire stroke to produce this result. 



Digitized by VjOOQIC 



THE INDICATOR. 



65 






Jf§U 








X. 



/Jt/6 



J> 



Fig. 3a. 



Digitized byVoOOQlC 



66 



ELEMENTARY STEAM ENGINEERING. 



No. II. — Shows a high back pressure due probably 
to some obstruction along the exhaust line. 

No. 12. — Peculiar card taken from a Corliss engine 
where, at the point of cut-off, the dash-pot piston re- 
bounded and opened the valve for an instant, letting in 
steam a second time. 





/a^ll 




AiP. 




Fig. 33. 

No. 13. — The eccentric had reduced angular advance 
so that the valve movement, taking place at incorrect 
periods, produced the peculiarly distorted card shown. 

No. 14. — Cut-off occurred at the proper moment, but 
the leaky valve permitted some steam to enter, during 
the period of expansion, as shown by the wavy line. 

No. 15. — Card taken from a high-speed engine, the 
wavy line being caused by the inertia of the indicator 
parts. 

No. 16. — The peculiar lines shown were caused by 
the indicator piston being stuck. 
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No. 17. — Taken from the high-pressure cylinder of 
a Harrisburg ideal compotmd single-valve engine. 

No. 18. — Taken from the low-pressure cylinder of 
the same engine. 

Nos. 19-20. — Taken from a compound engine of the 
same make, but having four valves. 

Knowing the area of the piston in square inches, the 
speed in feet per minute, and the mean effective pressure 
per square inch in pounds, the quotient of their continued 
product divided by 33,000 will give the indicated horse 
power (I.H.P.). 

Where a ntunber of diagrams from the same engine 
is to be figured, the work may be simplified by multi- 
pljring the area of the piston by twice the stroke and 
dividing the product by 33,000. We now have the 
** engine canstanty^^ or the power that would be de- 
veloped at one revolution per minute at one pound 
M.E.P. 

The revolutions per minute multiplied by the mean 
effective pressure times this constant equals the I.H.P. 

Should the engine run at an even speed during the 
test, then the engine constant times the revolutions 
gives us the ^^ horse-power constant ^^ or H.P. per 
pound of M.E.P.; and the indicated horse power may 
be found by multipljring the engine constant by the mean 
effective pressure. 
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QUESTIONS. 

1. What is meant by the " point of cut-off " ?- 

2. With 100 lb. initial pressure, i cut-off, and back pressure, 
what will be the mean effective pressure on the piston? 

3. Given 100 lb. initial pressure, | cut-off, what will be 
the average pressure throughout the stroke, back pressure being 
neglected? 

4. In the above question, if the stroke is 4 ft, give the pressure 
at each foot of the stroke. 

5. Draw a diagram illustrating the above. 
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CHAPTER K. 
DESCRIPTION OF INDICATOR. 

The previous description of the principles of an indi- 
cator gives a faint idea of the actual construction of the 
instrument. A more definite idea may be gained by 
referring to Fig. 34. In this case the indicator as a whole 
is shown ready to be attached to the pipes connecting 
to the cylinder by means of the union. 

Part 4 is the cylinder proper, in which the movements 
of the piston take place. It is made of a special alloy, 
exactly suited to the varying temperature to which it is 
subjected, and secures to the piston the same freedom 
of movement with high-pressure steam as with low. As 
its bottom end is free and out of contact with all other 
parts, its longitudinal expansion or contraction is unim- 
peded and no distortion can possibly take place. 

Between the parts 4 and 5 is an annular chamber, 
which serves as a steam jacket. This being open at the 
bottom, it can hold no water, but will always be filled 
with steam of nearly the same temperature as that in 
the cylinder. 

The piston, 8, is formed from a solid piece of the finest 
tool steel. Its shell is made as thin as possible con- 
sistent with proper strength. It is hardened to prevent 
any reduction of its area by wearing, then ground and 
lapped to fit (to the ten-thousandth part of an inch) a 
cylindrical gage of standard size. Shallow channels in 

69 
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its outer surface provide a steam packing, and the 
moisture and oil which they retain act as lubricants and 
prevent undue leakage past the piston. The transverse 



Fig. 34. 

web, near its center, supports a central socket which 
projects both upward and downward; the upper part is 
threaded inside to receive the lower end of the piston- 
rod; the upper edge of this socket is formed to fit nicely 
into a circular channel in the under side of the shoulder 
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of the piston-rod. It has a longitudinal slot which per- 
mits the straight portion of wire at the bottom of the 
spring, with its bead, to drop to a concave bearing in 
the upper end of the piston-screw, 9, which is closely 
threaded into the lower part of the socket. The head 
of this screw is hexagonal and may be turned with a 
hollow wrench. 

The piston-rod, 10, is of steel and is made hollow for 
lightness. Its lower end is threaded to screw into the 
upper socket of the piston. Above the threaded portion 
is a shoulder having in its under side a circular channel 
formed to receive the upper edge of the socket when 
these parts are connected together. When this con- 
nection is made the piston-rod is screwed into the socket 
as far as it will go; that is, until the upper edge of the 
socket is brought firmly against the bottom of the channel 
in the piston-rod. This is very important, as it insures 
a correct alignment of the parts, and a free movement 
of the piston within the cylinder. 

The swivel head, 11, is threaded on its lower half to 
screw into the piston-rod more or less, according to the 
required height of the atmospheric line on the diagram. 
Its head is pivoted to the piston-rod link of the pencil 
mechanism. 

The cap, 2, rests on top of the cylinder and holds the 
sleeve and all connected parts in place. It has a central 
depression in its upper surface, also a central hole, 
furnished with a hardened steel bushing, which serves 
as a very durable and sure guide to the piston-rod. It 
projects downward into the cylinder in two steps, having 
different lengths and diameters; bo]th these and the 
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hole have a common center. The lower and smaller 
projection is screw-threaded outside to engage with the 
like threads in the head of the spring and holds it firmly 
in place. The upper and larger projection is screw- 
threaded on its lower half to engage with the light 
threads inside the cylinder; the upper half of this larger 
projection — being the smooth vertical portion — is 
accurately fitted into a corresponding recess in the top 
of the cylinder, and forms thereby a guide by which all 
the moving parts are adjusted and kept in correct align- 
ment, which is very important, but which is impossible 
to secure by the use of screw threads alone. 

The sleeve, 3, surrounds the upper part of the cylinder 
in a recess formed for that purpose, and supports the 
pencil mechanism; the arm, X, is an integral part of it. 
It turns arotmd freely, and is held in place by the cap. 
The handle for adjusting the pencil point is threaded 
through the arm, and is in contact with a stop-screw in 
the plate, I. This may be delicately adjusted to the 
surface of the paper drum. It is made of hard wood in 
two sections; the inner one may be used as a lock-nut 
to maintain the adjustment. 

The pencil mechanism is designed to afford sufficient 
strength and steadiness of movement, with the utmost 
lightness; thereby eliminating, as far as possible, the 
effect of momentum, which is especially troublesome in 
high-speed work. Its fundamental kinematic principle is 
that of the pantograph. The fulcrum of the mechanism 
as a whole, the point attached to the piston-rod, and the 
pencil point are always in a straight line. This gives to 
the pencil point a movement exactly parallel with that 
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of the piston. The movement of the spring throughout 
its range bears a constant ratio to the force applied and 
the amount of this movement is multiplied six times at 
the pencil point. The pencil lever, links, and pins are 
all made of hardened steel; the latter — slightly taper- 
ing — are ground and lapped to fit accurately, without 
perceptible friction or lost motion. 

• The drum, 24, is for the purpose of holding the paper 
on which the diagram is made, and contains a volute 
spring, 31, for the purpose of returning the drum to its 
starting point when the pull on the cord is released. 

The metallic faced paper employed is held in position 
by the two spring clips, 25, shown on the side of the 
drum. 

As the movement of the drum is limited and a drawing 
or diagram cannot be made longer than about | of its 
circumference, producing a card perhaps 4 or 5 inches 
long, it is evident that in using the instrument on an 
engine having a longer stroke than this, some means 
must be taken for reducing the motioi^ between the 
indicator and the point where the cord operating the 
drum is fastened to the engine. For this purpose 
various methods are employed. The most convenient 
is that of the reducing wheel shown attached to the 
indicator, Fig. 35. 

This apparatus consists of a wheel A of variable diam- 
eter, to which the cord, leading from the indicator drum, 
is fastened. 

The wheel itself carries a large beveled gear and is 
operated through a smaller beveled gear on the spindle 
of wheel B, 
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The horizontal cylinder contains a spring, which is 
connected to the shaft of wheel A, and serves to take 
up any lost motion. 

Wheel B is connected by a cord wound around it to 



iPig. 35. 

the cross-head of the engine. If then the circumference 
of wheel B equals eight inches and the stroke of the 
engine is 24 inches, each stroke will cause wheel B 
to revolve three times. If the small gear connected to 
wheel B is s of an inch in diameter and the one con- 
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nected to wheel A is 2 inches in diameter, the 3 revo- 
lutions of wheel B wiU cause wheel A to make | of a 
revolution. If the circumference of wheel A, then, is 




E 



Fig. 36. 

6 inches, | of its revolution will equal 45 inches, which 
is the amount that the paper drum connected to it wiU 
be caused to move under 
the pencil; a diagram of 
that length will be the re- 
sult. 

In Fig. 36 is shown a 
form of planimeter, an 
instrument designed to 
facilitate^the measurement 
of the areas of plane fig- 
ures of irregular outline. 
The figures on the roller 
wheel represent square 
inches, the graduations in 
the wheel, tenths, and the vernier E, hundredths. 

Fig* 37 shows in detail the recording mechanism of 
a planimeter from which the method of reading may be 
easily understood. D is the roller wheel and E the 
vernier. From the roller wheel we read 4 (units) for 
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the last figure that has passed zero on the vernier; we 
also read 7 (tenths) for that number of graduations be- 
yond 4 that have also passed zero on the vernier (shown 
by the dotted line a). Then from the vernier we read 
3 (hundredths) because the third graduation on the ver- 
nier coincides with a graduation on the roller wheel. 




Fig. 38. 

The complete reading will then be 14.73 square inches. 

Care should be taken to have a flat, even, unglazed 
surface for the roller wheel to travel upon. A sheet of 
dull finished cardboard serves the purpose very well. 

Set the weight W in position on the pivot end of the 
bar P| and after placing the instrument and the diagram 
in about the position shown in Fig. 38, press down the 
needle point under the weight so that it will hold its 
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place; set the tracer point at any given point in the 
outline of the diagram, as at F, and adjust the roller 
wheel to zero. Now follow the outline of the diagram 
carefully with the tracer point, moving it in the direction 
indicated by the arrow, or that of the hands of a watch, 
until it returns to the point of beginning. The result 
may then be read as follows : Suppose we find that 'the 
largest figure on the roller wheel D, Fig. 37, that has 
passed zero on the vernier E, is 2 (units), and the number 
of graduations that have also passed zero on the vernier 
is 4 (tenths), and the ntmiber of the graduation on the 
vernier which exactly coincides with a graduation on 
the wheel is 8 (hundredths). Then we have 2.48 square 
inches as the area of the diagram. Divide this by the 
length of the diagram, which we will call 3 inches, and 
we have 0.8266 inch as the average height of the 
diagram. Multiply this by the scale of the spring used 
in taking the diagram, which in this case is 40, and we 
have 33.06 pounds as the mean effective pressure per 
square inch on the piston of the engine. 

After taking a diagram it is advisable to compare it, 
particularly the expansion line, with a theoretical one, 
in order to see how closely the operation of the engine 
approximates ideal conditions. 

In order to do this conveniently it is necessary to find 
the clearance Une, which is done as follows: 

Placing the card, preferably on the drawing board 
(but any smooth surface will serve), and using the proper 
scale, we draw the vacutmi or zero line o at a distance 
representing 14.7 pounds below the atmospheric line g, 
Fig. 39 (the distance will depend on the spring used). 
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Then draw the line ah cutting the compression curve at 
two points c and d as shown. Take the distance ec and, 
with the point cf as a center, mark a distance equal to 
ec on the line da^ producing the point /. Next erect a 
perpendicular passing through this point and connecting 
with the zero line ; this is the clearance line. 
To draw the theoretical expansion curve, let us lay off 




Fig. 39. 

the horizontal line ef, Fig. 40, at a height equal to the 
boiler pressure, measured by the scale, the record hav- 
ing been taken at the boiler and noted on the back of 
the card at the time of taking it. From some point on 
the expansion line just before the place where the ex- 
haust valve opens, draw a perpendicular reaching the 
line ef at the point w^ and from this point draw the 
diagonal wo to the intersection of the clearance and zero 
lines. Now draw a horizontal line from x cutting the 
line woy at ef, and from this point erect a perpendicular 
<f c, and the point c will be the theoretical point of cut-off. 
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To get the other points of the curve, lay out any conve- 
nient number of points on pressure line ef and from 
these draw diagonals to o. Drop perpendiculars from 
each of these points, and from the intersection of the 
diagonal lines with the line cd draw horizontals meeting 
the perpendiculars. Draw through these various points 

C 




Fig. 40. 

of intersection a line co; and a theoretical curve is pro- 
duced. 

As previously mentioned a certain amount of the 
power is required to operate the engine itself. This is 
called the friction horse power. 

In order to determine the actual H.P. delivered to the 
shaft it is necessary to make a test when the engine is 
running alone, and when it is supplying the load. 

Subtract the one from the other and the result will be 
the actual H.P. delivered to the shaft. 

The mechanical efficiency of an engine is the ratio of 
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the actual H.P. to the indicated H.P. In other words 
it is the percentage of the energy developed which is 
utilized in doing useful work. 

To find the efficiency of an engine, we divide the actual 
H.P. by the indicated H.P. 

QUESTIONS. 

1. Sketch and describe an indicator. 

2. Explain its use. 

3. Draw a theoretical diagram and name the parts. 

4. What is initial pressure, terminal pressure, atmospheric 
pressure ? 

5. What is mean effective pressure? 

6. What is an ** engine constant'' and its use? 

7. What is a reducing wheel? 

8. Describe the planimeter and its use. 

9. How is the mean effective pressure (M.E.P.) found from the 
diagram? 

10. How may the clearance line be found? 

11. How may the expansion line of the diagram be compared 
with a theoretical one? 

12. Make a diagram and find the mean effective pressure of 
an engine using steam at 150 lb. initial pressure, | cut-off, back 
pressure one pound above atmospheric pressure. 
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CHAPTER X. 
HEAT. 

All power plants, whether on a large or small scale, 
if intended for the production of power by the trans- 
formation of water into steam and by means of engines 
converting latent energy into mechanical work, are very 
much alike as far as the essential principles are con- 
cerned. 

The individual plant will differ as to size, method of 
construction, pressure developed, character and kind of 
accessories, according to the various conditions govern- 
ing the installation and operation of each particular 
plant. Boilers, engines, . pumps, piping for the trans- 
mission of steam and water, means for suppljring and 
heating feed water, preventing the condensation of steam, 
and such other apparatus as may be necessary to pro- 
duce the required results are common to all steam 
plants. 

In such plants the production of heat and the result- 
ant steam is the first thing to be considered. Heat 
is produced by the combustion of fuel. Different fuels 
produce different amounts of heat. Some of this heat 
is lost. The remainder changes the water to steam 
which, under pressure admitted to an engine, enables 
it to do mechanical work. This may be applied either 
directly to the operation of machinery or indirectly by 
means of a dynamo, to produce electric energy which, 

8i 
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by means of wires, may be conducted to and used at a 
distant point. 

As, therefore, each step is the result of the previous 
one, it is clear that each depends upon the other and 
has some definite relation to it, and that the amount of 
coal burned and water used to produce power to operate 
a given motor, or electric lamp, may readily be calcu- 
lated if the operating conditions are carefully studied 
and proper allowances made for the losses due to various 
causes in passing through the several stages from the 
burning of the fuel to the final use of the power. Such 
calculations naturally imply some definite base to begin 
with, and as we have in every-day use the inch, foot, and 
quart, mention of which produce definite images in our 
minds, so the engineer has a number of units of measure- 
ment with which to measure his work. 

If heat is applied to a body the weight of the body will 
not change. If sufficient heat is applied to water it will 
change into steam but the weight will be as before. If 
the water is in a closed vessel the heat will cause it to 
expand and the force of this expansion, which increases 
as the continuation of the heat makes the steam hotter, 
produces a pressure on the sides of the vessel. This 
PRESSURE, which is measured in pounds per SQUARE 
mCH of surface, indicates the power of the steam to do 
work, but it is distinct from, and must not be confused 
with, the WEIGHT of the steam. 

The temperature of a body indicates how hot or how 
cold a body is, or the intensity of its heat. This is dif- 
ferent from the quantity of its heat. For example, if a 
pint of water is taken from a pail holding a gallon, the 
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temperature of both will be alike, but there will be a 
greater quantity of heat in the one than in the other. 

Temperature is indicated by an instrument called the 
thermometer. This is a sealed glass tube containing a 
small amount of mercury or alcohol; the portion of 
the tube not so occupied has been exhausted of air. A 
change of temperature causes the liquid to rise or fall 
in the tube and the amount is read in degrees indicated 
by marks or graduations on the side of the tube. 

The principal points are obtained by placing the in- 
strument into vessels containing respectively melting ice 
and boiling water. The points where the liquids come 
to rest under these conditions are called the freezing 
point and the boiling point. 

On the Fahrenheit thermometer the space between 
these points is divided into 180 degrees, the freezing 
point being marked 32"^ and the boiling point 212''. On 
the Centigrade and Reamur thermometers freezing is 
marked zero; the boiling point of the former loo'^ and 
the latter 80*". 

Temperatures below zero are marked with the nega^ 
tive sign, thus —15 means fifteen degrees below zero. 

As the two former instruments are largely used in 
this country it is often necessary to change from one to 
the other, so we have these rules. 

To change Fahrenheit to Centigrade, subtract 32, 
multiply the remainder by 5 and divide by 9. 

To change Centigrade to Fahrenheit, multiply 
degrees Centigrade by 9, divide by 5 and add 32. 

As the amount of heat required to raise the tem- 
perature of water one degree varies according to con- 
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ditionSy the heat unit is measured with pure water when 
at its greatest density, and we have: 

The UNIT OF HEAT, or British Thermal Unit (B.T.U.), 
is that quantity of heat required to raise the temperature 
of I pound of pure water i degree Fahrenheit when at 
its greatest density or 39.1'' F. 

The SPECIFIC HEAT of a substance is the amount of 
heat required to raise the temperature of the substance 
I degree, compared to the amount of heat required to 
raise an equal weight of water i degree. 

For accurate work a definite and uniform zero is re- 
quired. This point is 461'' below zero Fahrenheit, and 
must be added to the thermometer reading, when it is 
desired to express absolute temperature. 

The UNIT OF WORK is called the FOOT POUND, and 
is equal to the amount of work done in raising a weight 
of I pound a distance of i foot. Thus, if a weight of i 
pound is to be raised 100 feet, or a weight of 50 pounds 
is to be raised 2 feet, the total amount of work in either 
case will be the same, or 100 foot pounds. This is found 
by multiplying the weight in pounds by the distance 
in feet through which it is raised. The result is foot 
pounds. 

This, however, does not consider the time required to 
do the work and it is evident that if in one case the work 
is performed in a shorter time than in the other, then 
one is working at a higher rate than the other. For this 
reason and in order that the mechanical efficiency of vari- 
ous engines may be compared, their rating is based on 
their ability to do work at a given rate, or to deliver a cer- 
tain number of foot pounds of work in the unit of time. 
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The UNIT OF TIME used by engineers is ONE MINUTE. 

The UNIT OF POWER is the HORSE POWER. 

The HORSE POWER is equal to 33,000 FOOT POUNDS 
of work done in one minute. 

Therefore, if the work done in foot pounds is divided 
by 33,000 times the time in minutes, the result will be 
the horse power exerted. 

As already mentioned heat units may be changed into 
work units. There must then be some definite relation 
between them. Careful investigation has shown that 
778 FOOT POUNDS IS THE MECHANICAL EQUIVALENT 
OF A HEAT UNIT. In Other words, if the heat of the fuel 
were to pass through the various processes to the final 
change into mechanical work without loss, each unit of 
heat would produce 778 foot pounds of work. 

Experiment has shown that a good quality of coal is 
capable of producing 14,000 heat units per pound of fuel. 
Now as 14,000 times 778 equals 10,892,000, then a pound 
of good coal, if it could be completely burned and used 
to produce power, with absolutely no waste, would do 
10,892,000 foot pounds of work. Or, as one horse power 
per hour equals 33,000 foot pounds X 60 minutes = 

1,980,000 foot pounds, we have — ^-^ = 5.5 H.P., 

1,980,000 

or the amount of energy one pound of fuel would develop 

per minute under these conditions. 

Of course this can never occur in practice, as a large 
amount of its energy is lost, due to radiation, condensa- 
tion and other causes to be mentioned later. 

The transfer of heat from one body to another takes 
place in several ways. 
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By Radiation. From the sun, from a fire, or from 
similar sources, the heat is given off in straight lines or 
rays. 

By Conduction. The heat from the fire striking 
one side of the boiler plates is conducted from one par- 
ticle of steel to another until, reaching the side in contact 
with the water, it heats the water. If you hold one end 
of a piece of metal with its opposite end in the fire, the 
end you hold will shortly become hot also. Such bodies 
which conduct the heat readily are called good conduc- 
tors. Bad conductors, as asbestos, felt, etc., are used 
to cover steam pipes and other apparatus to prevent the 
condensation of the steam. 

By Convection. This is heat which is transmitted 
by currents. If a glass of water containing a littie meal 
be placed on the stove and carefully watched you will 
see, as the water becomes hot, that the meal is being 
carried around in a current, the speed of which increases 
as the water gets hotter. The same thing occurs in a 
boiler. The drops of water at the bottom of the boiler 
become warm, on account of being in contact with the 
part of the boiler directly over the fire. These expand 
and their specific gravity thus becoming less, as com- 
pared to the other drops, they rise to the top, while 
colder, heavier drops take their place. This continues 
until the whole mass of water is in motion, thus forming 
the current, and as each drop in turn passes again over 
the heated part it gets hotter, until finally, once more 
reaching the surface, it bursts into a gas called steam. 
With pure water at the sea level this change takes place 
at a temperature of 212'' F., if the water is heated in an 
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open vessel. If the vessel is closed the pressure on the 
surface will be increased. This is due to the com- 
pression of the air or steam above the water in the vessel, 
and the steam will not be formed until a higher tem- 
perature has been attained. 

QUESTIONS. 

1. What is the effect of heat on the weight of a body? 

2. What does temperature indicate? 

3. Describe a thermometer. 

4. What is a unit of heat? 

5. Define specific heat. 

6. What is the unit of power? 

7. What is the tmit of work? 

8. What period of time is employed when calculating the 
rate of doing work? 

9. What is the mechanical equivalent of a heat tmit? 

10. How many heat units does a potmd of good coal contain? 
XI. In what manner may the transfer of heat take place? 

12. How many foot potmds of work would be produced by two 
pounds of good coal if they were completely constuned with no 
loss? 

13. If the foot potmds of work in the answer to the previous 
question were delivered by an engine during one hour, at what 
rate would it be doing work? 
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CHAPTER XI. 
BOILERS. 

A boiler is a metallic vessel of suitable size and shape 
in which water is changed into steam by the application 
of heat. Boilers for pressure purposes are made of 
steel, of wrought iron, and occasionally of cast iron. 

Boilers in use are exposed to strains due to the pressure 
of the contained steam and to strains due to the constant 
expansion and contraction due to changes in tempera- 
ture. They are also likely to be weakened by careless 
handling as well as by corrosion due to the chemical 
action of substances in solution in the water used. 

In selecting material for a boiler we should choose 
that grade of material best fitted to withstand these 
troubles. Boiler materials should have good tensile 
strength and high elastic limit. They should be tough, 
ductile, and homogeneous. 

By TENSILE STRENGTH is meant the force or puU 
required to break a piece of material one square inch in 
cross section, the force being applied in the direction of 
its length. 

Metals are to some extent elastic, so that a pull of a 
small amount will stretch a bar of metal slightly, and on 
being released it will return to its original form. By 
gradually increasing the amount of pull, a point will be 
reached where, after a slight elongation, the metal will 
not entirely restmie its original form. This point is 
called its ELASTIC LIMIT. 
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By HOMOGENEOUS is meant that all parts of the 
metal are alike and of equal density and texture. 

By TOUGH AND DUCTUS is meant that the metal 
may be readily formed into the required shape and will 
not readily break when exposed to repeated bending. 

The following are a few definitions of terms employed 
in connection with the construction of boilers and 
engines. 

Allot. — An alloy is a mixture of two or more metals. 

TENSttE Strength. — The force which, gradually 
applied in the direction of its length, will overcome the 
cohesion of the particles and produce fracture ; usually 
stated as a certain number of pounds per square 
inch. 

Elastic Limit. — The force which, applied in the 
direction of its length, will produce a permanent distor- 
tion of the material. 

Shearing Strength. — The force which, applied at 
right angles to its axis, will shear or cut the material. 

Torsional Strength. — The power of the ma- 
terial to resist a twisting strain. 

Stress. — The internal resistance of a body to a 
force tending to overcome the cohesion of its particles. 

Strain. — The amount of deformation due to a stress. 

Elongation. — The amount a body will stretch or 
lengthen before breaking. 

Compression Strength. — The ability of a body 
to withstand pressure or squeezing. 

FACTOR OF Safety. — The ratio of the ultimate 
strength of a body to the actual stress which it is expected 
the body will be subjected. 
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Malleable. — Capable of being hammered or rolled 
without breaking. 

Ductile. — Capable of being bent without fracture. 

Homogeneous. — Meaning that all parts are of even 
quality, grade, and fibre. 

Unless otherwise mentioned the standard tensile 
strength of steel used in boiler construction is under- 
stood to be 60,000 pounds per square inch. Steel of 
much greater strength than this is made, but it is too 
brittle and therefore unsuited for boiler construction. 
Wrought iron is still largely used for boiler purposes, but 
the quality employed is of such high grade that it may 
perhaps be more properly called a grade of mild steel. 

Cast iron is rarely employed in the construction of 
high-pressure boilers and then only in such forms and 
sizes as will enable it to develop the greatest strength. 

The molecules of iron and steel hold together by 
cohesion. Any force which tends to separate the mole- 
cules is a stress. The amount that the metal is pulled 
apart or otherwise deformed is a strain. 

If, therefore, we have a bar of metal i square inch 
in area, 12 inches long, exposed to a pull of 2000 pounds, 
and lengthened | inch by the pull, then the pull is the 
stress and the I inch is the strain. As the pull is exerted 
on I square inch, the 2000 pounds is, in this case, the 
unit stress or the intensity of the stress. The unit strain 
will be the elongation per unit of length (i inch), or in 
this case | inch divided by 12 inches or si of one inch. 

It would not be safe to subject the boiler to anything 
like a stress equal to the elastic limit of the material 
composing it, for fear of some unknown weak spot and 
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on account of the constant weakening and the deteriora- 
tion due to use. For this reason the FACTOR OF SAFETY 
is employed. This is a number by which the tensile 
strength of the material is divided to obtain the safe 
working stress or pressure. 
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CHAPTER Xn. 
FIRE-TUBE BOILERS. 

According to the method of heating the water, boilers 
may be divided into two general classes, as fire-tube and 
water-tube boilers; and according to construction, as 
horizontal, vertical, or inclined. 

Fire-tube boilers are largely used for stationary, loco- 
motive, and marine work. While they differ slightly on 
account of the conditions existing where they are em- 
ployed, still a description of a horizontal stationary boiler 
will essentially be that of a fire-tube boiler wherever 
used. I 

The cylindrical portion of the boiler is called the shell. 
This is made of two or more sheets of metal fastened 
with rivets. 

The ends of the boiler are called the heads and are 
thicker than the shell because, although the pressure per 
square inch due to the steam is the same on all parts of 
the boiler, the heads, being flat, are mechanically weaker. 
It is evident that such a vessel will contain a large amount 
of water and that the fire will heat only a small part of 
the lower surface; also that the rapidly moving heated 
gases will pass along and leave the boiler while they are 
yet very hot. 

If, therefore, they are made to pass along the surface 
of the boiler again, less heat will be wasted and the water 
will be heated more quickly. The first step in this 
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direction is to cut a hole in each head and insert a pipe 
or tube ; now, if by means of brickwork the heated gases, 
after passing along the bottom of the boiler, are made 
to pass through the tube before passing to the chimney or 
stack, an advantage will be gained due to the increased 




Fig. 41. 

heating surface. That is, with the increased area of 
metal in contact with the heated gases on one side 
and the water on the other, there wiU be an increase 
of temperature with less waste. 

If the boiler were 12 feet long and the tube i foot 
in diameter, the additional surface would be equal to 
37.6 square feet. Now, suppose that, instead of this 
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tube, two tubes six inches in diameter are used, tlie 
heating surface will be the same and room will be left 
in the space occupied by the larger tube for the insertion 
of two smaller tubes, Fig. 41. Thus, in modem practice, 
a large number of small tubes two or three inches in 
diameter are used in stationary work, and many of 
smaller diameter in locomotive and marine boilers. By 
this method there is not only a gain of a great amount of 
heating surface, but as only the outer surface of the col- 
umn of rapidly moving gas has time to impart its heat 
to the metal, during the short time in which it passes 
through the boiler, the many tubes separate the mass 
of heated gas into small portions, each of which gives 
up a part of its heat, and so a much smaller part of the 
total heat generated passes into the stack and is lost. 

When the tubes. Fig. 42, are in position the ends pro- 
ject slightly beyond the flat surfaces of the heads. They 
are then expanded and rolled until they fit tightly in 
place. In this way they also serve to strengthen the 
flat heads. As the tubes do not fill the entire boiler the 
portion of the heads above the tubes must be supported. 
This is done by the braces bbhh. These are riveted to 
the shell and head and are so distributed and propor- 
tioned that each supports an equal amount of the flat 
surface. 

When in use the water partially fills the space above 
the upper row of tubes, the remainder being the steam 
space. As the steam in contact with the surface of the 
water still retains a quantity of water, it is necessary, in 
order to take the steam out as dry as possible, to make 
the connection for this purpose as far as possible from 



Digitized by VjOOQIC 



FIRE-TUBE BOILERS. 



95 



the surface of the water. To facilitate the production 
of dry steam, some boilers have a dome, A, Fig. 42. In 
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Fig. 42. 

some cases the steam connection is made at the upper 
part of the dome; in others there is a short section of 
heavy pipe, called the dry pipe, so connected as to take 
its place. To provide access to the interior, an oval 
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Opening m, called the manhole, about lo inches by 14 
inches, is cut in the upper part of the boiler shell. This 
is closed by a plate placed in the boiler and held against 
it by a bolt fastened to the plate and passing through a 
casting called a spider, all being drawn tightly together 
by a nut on the bolt. Where the surface of the plate and 





Fig. 43. 

the edge of the opening touch, a gasket of sheet packing 
is placed in order to make the joint steam-tight. 

At the bottom of the front and back heads, similar 
but smaller openings and plates, ^, called handholes, are 
provided. 

On each side of the boiler, lugs or brackets, XX, are 
placed. These are for the purpose of supporting it on 
the brickwork. Some boilers are hung on chains from 
a framework of iron. 

Locomotive or marine boilers are self-contained; that 
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is, the fire box and grates are all part of and in the boiler 
itself; for stationary work, however, the fire box and 
grates are in the brickwork of the boiler setting. The 
side walls of this setting are built double, and as air at 
rest is a bad conductor of heat, the body of air between 
the two walls serves to prevent an excessive loss of heat, 
due to radiation from the furnace. Across the front is 
placed an iron casting, called the boiler front. Fig. 43. 
This contains doors giving access to the head of the 
boiler for cleaning the tubes, and through the lower doors 
to the fire, and the ash pit. The grates gr. Fig. 44, are 
supported by the brickwork around the fire door and by 
the bridge wall B. This wall also causes the hot gases 
to flow up against the bottom part of the boiler, called 
the crown sheet, and affords a convenient surface against 
which to bank the fire. The plate on the brickwork at 
the bottom of the fire door is called the dead plate, and 
the arch above it the fire arch. 

The inner side of the brickwork is lined with fire brick, 
and when the boiler is placed on the setting the front 
lugs are bricked in. The rear ones are placed on rollers 
resting on iron plates to allow for the expansion and 
contraction due to changes of temperature. 

The rear end of the boiler will be placed an inch or so 
lower than the front, in order that it may drain readily 
when it is desired to empty it; at the under side of this 
end is placed the flange for connecting the blow-off pipe. 
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CHAPTER Xm. 
CALCULATIONS FOB FUE TUBULAB BOELEBS. 

There are a number of calculations which it is neces- 
sary that one should be familiar with in connection with 
the construction and operation of fire-tube boilers. 
Those ordinarily required are to find the bursting pres- 
sure, safe working pressure, the heating surface, and 
strength of braces. 

We will make these calculations for a boiler the diam- 
eter of which we will assume to be s feet, length 12 feet, 
shell g inch thick, heads § inch thick, having double- 
riveted longitudinal seams, also single-riveted vertical 
seams, and containing sixty tubes 3 inches in diameter. 
The first calculation will be to obtain the bursting 
pressure of the boiler. It will be necessary to re- 
member that the strength of a boiler or any other piece 
of mechanism is equal only to that of its weakest point. 
Therefore, if we find the strength of the weakest point 
we will be on the safe side. 

In such a boiler of cylindrical shape, and having, of 
necessity, a seam along its length, this will be the point 
where breakage is most likely to occur, both because of 
the presence of the seam and because the greatest stress 
occurs in this direction. Let us imagine ourselves look- 
ing at the end of the boiler. There will then be pre- 
sented to us a circle in which is exerted a force due to 
the steam pressure. 
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While the pressure acts equally on all portions of the 
boiler, it may be resolved into two forces, one a vertical 
force tending to rupture the shell lengthwise, and the 
other a horizontal force acting against the heads and 
tending to cause rupture at the seam connecting the 
heads to the shell. 



A 




Fig. 45. 

As the former can exert pressure only in such a direc- 
tion as to produce rupture at a point on the lengthwise 
seam, we may consider the force as acting along a plane 
equal in length to the diameter of the boiler and tending 
to burst the shell at the two points A and A\ Fig. 45, 
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where the diameter joins the circumference of the 
circle. 

It may further be considered that only one of these 
points is liable to be fractured as there is only one seam. 
Then the forces tending to cause rupture at this point 
are those acting on the plane from the point A! to the 
center as indicated by the vertical lines in Fig. 45. 
Bearing in mind that tensile strength and pressure are 
both expressed as a certain number of pounds per square 
inch, we need not consider the entire length of the boiler, 
but only a strip of it one inch long. We are, therefore, 
calculating the strain required to break at A! the hoop 
5 feet in diameter, i inch wide, \ inch thick, exposed at 
the given point to a pressure exerted along the plane 
from the center to A!. The result of this calculation 
will equal the breaking pressure per square inch for 
this strip, which pressure is representative of that which 
may be carried in the entire boiler. If the material of 
which the boiler is composed is steel of the usual stand- 
ard tensile strength of 60,000 pounds per square inch, 
and if the section at ^', according to the previous de- 
scription, is I inch thick and i inch long, or \ square inch 
in area, its total strength will be 60,000 pounds multi- 
plied by o.s which will equal 30,000 pounds. 

Now, as the distance to this point from the center, or 
the radius of the boiler, equals 30 inches, then 



30,000 
30 



= 1000 lb., or 1000 pounds per square inch. 



So, then, if on each of the 30 square inches represented 
by the radius of the hoop i inch wide and 60 inches 
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in diameter, there is exerted a pressure of looo pounds, 
the total pressure will equal 30,000 pounds, just equal 
to the calculated strength at the point A\ 

The boiler is, however, weaker than this because in 
order to rivet the seam it was necessary to drill holes in 
the material, in which to insert the rivets, and as the 
cutting away of material for this purpose naturally re- 
duced the effective area of material present, the strength 
of the material has been correspondingly reduced at 
this point. Careful investigation has shown that if the 
original strength of the plate is considered as 100 per 
cent, then, the comparative strength of the seams are as 
follows: 

Single riveted 56 per cent 

Double riveted 72 per cent 

Triple riveted 85 per cent 

Now, taking our previous pressure of 1000 pounds and 
multiplying it by 0.72, the strength of our longitudinal 
seam, the result is 720 pounds, or the bursting pressure 
of the boiler at this point. Whence we have the rule : 

To find the bursting pressure* Multiply the tensile 
strength of the material by its thickness in hundredths 
of an inch, divide this product by the radius of the 
boiler in inches, and multiply by the percentage of 
strength of the seam* 

We must not, however, allow such a boiler to be 
operated under a pressure of 720 pounds per square 
inch, as this would not be safe; for the pressure may 
occasionally rise above that point, and natural deteriora- 
tion will gradually weaken the boiler. Furthermore, 
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latent defects may exist which will render it unsafe to 
operate the boiler at or near the bursting pressure. 
The safe working pressure of a boiler is determined by 
dividing the bursting pressure by the factor of safety, 
which we will assume to be 6. We then have the rule 
(see factor of safety) : 

To find the safe working pressure: Divide the 
bursting pressure by the factor of safety^ the result 
equals the safe working pressure. 

We have specified in this boiler that the vertical seams 
shall be single riveted, and the longitudinal seams double 
riveted. Because greater strain occurs on the seams 
along the boiler's length, as shown in the following: 

As the strain = , if we let 

area 

JP = pressure per square inch 
D = diameter in inches 
L = length 
T = thickness 
S = strain, 
we have the formulas, 

^ load rnz - ^- - .^ j. t 
S = -^ — = — =7=- for the longitudinal seams, 
area 2 TX ^ 

S = -2^ = -^T-TT — TT^TT^foT the vertical seams, 
area D X 3«i4i6 X T 

Solving the equation, we have, 

S = = for longitudinal seams. 

2TL 2 T ^ 
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Substituting tlie given values for the letters of the for- 
mula we have, 

^ loool b. X6o'' X i" 60,000 ^ ,^ ^ ^^ 

^ ^ — 2X0.SXI" " ~i 60,000 lb. for the 

longitudinal seam, and 

^ nr 60 X 1000 60,000 ,^ ^ 

*=7t=Tx^1 r- = 30,ooo lb. for the 

vertical seam. 

It will be noted that, in this calculation for strength of 
longitudinal seams, both ends of the diameter were 
considered, giving us a total strain on both sides of 
60,000 pounds per inch, and that as the vertical seam 
supports the total pressure exerted on the entire surface 
of the boiler head it is exposed only to a strain of one- 
half as much as the longitudinal seams were. It, there- 
fore, does not require so strong a seam to do the work. 

As previously mentioned, the heads or flat portions 
of the boiler, being structurally weaker than the curved 
portions, require some additional strengthening device 
beyond that of making them of thicker material. 

Where, in a boiler, two flat surfaces are exposed to 
pressure and are strengthened by bolts passing from 
one to the other, they are called stay bolts, or through 
bolts, depending on their length. Where they are sup- 
ported by pieces of material extending diagonally from 
the surface at right angles to it, the pieces are called 
braces. These are made in several ways, the principal 
ones being those known as the crow-foot braces, on 
account of the form of the ends where they are riveted 
to the surface. Sometimes they are called gusset stays. 
These are simple flat plates joined to the surfaces they 
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are designed to support, by right angle pieces or brackets, 
Fig. 46. 
The U. S. Marine Rules allow a strain on steel braces 




Fig. 47. 

of 8000 pounds per square inch in the case of diagonally 
placed braces. Their strength is calculated according 
to the following formula (Fig. 47). 
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8 = ^XJPXA, 
A. 

where A = height of triangle. 

B = hypotenuse, or diagonal length. 
JP = pressure per square inch. 
A = area to be supported. 

Example: — What strain will there be on a brace supporting a 
surface 8 inches square, height 23 inches, diagonal length 24 inches, 
pressure 100 pounds? 

Solution: — M X 100 = 104 (lb.) X 64 (sq. in.) = 6656 lb. 

It must be borne in mind that each brace supports an 
area extending to the limits of the area supported by 
the other braces. Were the braces spaced 8 inches 
apart each one would support an area of 64 square 
inches. 

It is not necessary to put in braces for the entire head 
of such boilers, for the reason that the tubes themselves 
serve to support a large portion of the head, and the 
stiffening due to bending at right angles at its edges 
makes a certain portion of the head of sufficient strength 
to resist the strain. The amount to be braced will then 
be approximately the area of the shaded segment, shown 
in Fig. 48. 

In order to find the sizes of the segment we have the 
following rule: 

To find the height of the segment requiring bracing, 
subtract 5 inches from the distance between the tubes 
and the highest part of the shell; and to find the di- 
ameter of the circle to which the segment to be braced 
belongs, subtract 6 inches from the diameter of the 
boiler. 
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In order to calculate the area of the segment, several 
convenient methods may be employed which do not 




Fig. 48. 



Fig. 49. 

require the use of higher mathematics, for example, 
Fig. 49. 
Divide the base of the segment into halves, and divide 
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one of these halves into four equal parts. Draw per- 
pendiculars through each point of division until they 
meet the circle and measure each one of the perpendicu- 
lars. Then multiply the one at the middle of the seg- 
ment by I, the next by 4, the next by 2, and the last by 
4; add these products, multiply the sum by the base of 
the segment, and divide by 12. (The error in this rule, 
due to the imperfection of the rule itself, and taking no 
account of error due to imperfection in the measure- 




Fig. 50. 

ments, is never greater than i per cent. In the case of 
the segment shown the rule is in error by about two- 
thirds of I per cent.) 

Or we have as follows, Fig. 50. 

Subtract the height of the given segment from the 
radius of the circle, and multiply the result by the 
diameter of the circle ; this product is to be subtracted 
from the area of the semi-circle of which the segment 
forms a part, and the remainder is the approximate area 
of the segment. (This rule gives an approximate result 
only when the shaded strip shown in Fig. 50 is approxi- 
mately a rectangle. The error of the rule amounts to 
5 per cent when the height of the segment is 0.272 times 
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fhe diameter of the circle. Roughly, we may say that 
when the height of the segment is greater than one- 
fourth of the diameter of the circle, the rule may be 
trusted to give a result within 5 per cent of the truth.) 

Instead of taking the shaded area of Fig. 50 as equal 
to a rectangle having a length equal to the diameter of 
the circle, we may take it as having a length equal to 
the base of the unshaded segment, but it is easily shown 
that the rule obtained in this manner is not quite so close 
as the one just given. 

To find the heating surface of a boiler we have the 
following rule : Find § the area of the boiler shell plus 
the area of one head; to this, add the product obtained 
by multiplying the area of one tube by the number of 
tubes. The result in square feet will equal the heating 
surface. 

It was formerly the custom of various boiler makers 
to figure the H.P. of boilers by the number of square 
feet of heating surface. This is an incorrect method 
of determining such results, because very many condi- 
tions of operation, material, etc., may serve to produce 
var3ring results with the same boiler. Therefore, the 
H.P. of boilers is now determined according to certain 
definite facts, and we have the following rule : 

The bailer JBT.P. is equal to the evaporation of 34,5 
pounds of water per hour into steam at 212° F., or 
the evaporation of 30 pounds of water per hour from 
a feed temperature of 100° F. into steam of 70 
pounds gage pressure. This is equal to 33,305 
B.T.U. per hour. 
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QUBSTIONS. 

z. What is a steam boiler? 

2. Of what materials are boilers made? 

3. Describe a horizontal fire tubular boiler. 

4. Describe a water-tube boUer. 

5. Give some advantages of each. 

6. How are boilers fastened? 

7. What is meant by the pitch line of riveted work? 

8. What is the strength of a seam compared to that of the 
original plate? 

9. Why are the heads of a boiler thicker than the shell ? 

10. What is the standard tensile strain of boUer material? 

11. Give the rule for finding the safe working pressure of a 
boiler. 

12. Find the bursting pressure of a boiler, four feet in diameter, 
if^7 inch shell, with double-riveted seams. 

13. What is the safe working pressure of this boiler? 

14. If braces are placed 3 in. apart and a pressure of 150 lb. is 
carried, how much will each brace support? 

15. If the braces are 30 in. long, one end being riveted to the 
boiler shell 25 in. from the head, what area should each brace have ? 

16. Find the heating surface of a fire tubular boiler 4 ft in 
diameter, 12 ft. long, containing 65 two-inch tubes. 

17. Of what use is the blow-off and where is it placed ? 

18. Describe a method of setting boilers. 

19. How would you find the area of the shell of a cylindrical 
boiler 5 ft in diameter and 15 ft. in length. 

20. What would be the area of surface of a 3-inch tube 12 feet 
in length? 

21. What is the area of the head of a boiler 5 ft in diameter? 
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WATEB-TUBE BOILERS. 

In the water-tube boiler we reverse to some extent 
the conditions of handling the fire and the water. 

In this boiler the water contained inside the tubes 
is exposed to the heat of the fire which surrounds the 
tubes. The immediate result is that small bodies or 
portions of water are exposed individually to the intense 
heat of the fire. These smaller quantities are heated 
to the steaming point more rapidly than the larger 
amount, in the former case. On this account these 
boilers are perhaps preferable for power stations subject 
to sudden demand for increased power, as for instance 
those supplying street railways, public electric light 
plants and similar service. While this type of boiler 
has usually a reservoir or supply outside of the tubes 
themselves, such as the water drum placed on the upper 
part of the boiler, yet the entire amount of water in the 
boiler at any one time is comparatively small, and due 
to its construction it responds more rapidly to changes 
of temperature. Consequently if the fire is not con- 
stantly maintained in good condition the steam will 
drop more rapidly than in the fire-tube boiler type of 
construction. As water is rapidly changed into steam 
by heating, in the fairly restricted passages formed by 
the water tubes, scale is more likely to collect in such 
quantities in the tubes as to produce serious loss in 
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heating and also to prevent largely the flow of water 
through them. It is also difficult to remove scale from 
these tubes. 

A number of boilers of this type are of standard con- 
struction. Probably among the best known is the 
Babcock and Wilcox boiler, which is illustrated in Fig. 51. 

Reference to the illustration will show us that water 
entering the boiler at or near the rear and lower end 
will, being colder, drop down to the lowest portion of 
the boiler tubes. 

The heated gases surround the tubes as shown in 
Fig. 56. The furnace is generally similar in construc- 
tion to those previously illustrated, but, in addition, 
partitions of fire brick are so placed among the tubes, as 
shown at F, Fig. 51, that the heated gases are caused to 
travel downward and upward again, thus traversing the 
tubes several times before making their final escape up 
the smoke stack. Water thus heated and expanded 
rises in the direction of the inclination of the tubes until, 
reaching the front end, it enters the passage called a 
header, connecting all of the tubes at h. From this 
point it rises into the reservoir shown at the upper 
portion of the boiler. The particles of water not form- 
ing steam flow back along the bottom of this reservoir, 
and down through the vertical pipes shown, to their 
original starting point, thus producing a constant flow 
or circulation in the boiler. 

At the lower portion of the tubes and connected to 
the blow-off pipe is shown a cylinder or mud drum, c. 
The function of this is to collect as much of the scale or 
sediment as possible while still in a soft state so that it 
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may be readily gotten rid of by '' blowing down '' the 
boiler. 

Steam is taken to supply the engine from the upper 
cylinder or reservoir. As the steam pipes must neces- 
sarily connect at a point near the surface of the water 
and as there would be a tendency to carry water over 
into the pipe communicating with the engine, the steam 
connection is, therefore, made at the rear end of the 
reservoir or drum, for by the time the steam reaches 
this point the water will have fallen by gravity back into 
the main body. Also the baffle plate &, Fig. 52, serves 
to prevent the rush of steam from the header throw- 
ing a spray of water into the steam space, by spreading 
the body of steam and water, as it rises, over the entire 
surface. 

The bolt heads and caps seen on the header opposite 
the ends of the tubes represent handholes so placed 
that the tubes may be cleaned by removing the hand- 
hole plates in the usual manner and inserting a tube 
scraper through the opening thus formed. On account 
of the comparatively small diameter of the reservoir 
it is not required that they be braced for strength as in 
the case of the large head of the fire-tube boiler. Ad- 
ditional and sufficient strength is gained in this case by 
forming them to a hemispherical shape as is clearly 
shown in Fig. 51. 

In the calculation for bursting pressure of the water- 
tube boiler, the same rule may be applied as was used 
for the fire-tube boiler, except that, in this case, each 
tube and the reservoir would be considered as an indi- 
vidual cylinder and its strength would be separately 
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calculated. It may be borne in mind, however, that 
the results of the calculations for bursting pressure of 
one tube may apply to all. 

CARE AND OPERATION OF STEAM BOILERS. 

Care should always be taken to supply the boiler with 
water at as high a temperature as possible. This means 
that, as the water enters the boiler in an already heated 
condition, less coal will have to be used to bring it to the 
steam temperature; also there will be less variation 
between the temperature in the boiler and that of the 
incoming feed water. In consequence of this, less 
strain will be put on the boiler plates and there will be 
less liability to damage from this source. 

The proper point at which the boiler should receive 
the feed is still a debated question. 

Many boilers of the fire-tube type receive the water 
in the lower part of the front head; some receive it 
through a pipe passing through the upper part of the 
boiler for a distance and emptying into the central por- 
tion of the main body of water. 

In some water-tube boilers the water is taken first 
into a drum-shaped receptacle where it is partially 
warmed before entering the boiler proper. One ad- 
vantage of such a method is that a large amount of the 
sediment and solid material contained in the water is 
deposited in one readily accessible place from which it 
may be removed with facility. This solid material or 
scale is the source of one of the greatest annoyances to 
the engineer. Even in apparently clear drinking water 
large quantities of solid matter are held in solution. 
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When the water is changed into steam this solid matter 
is deposited in the boiler, in the form of scale, and forms 
an incrustation extending over large portions of the 
boiler, first as a soft mud-like mass and then changmg 
to a hard rock-like formation. If allowed to remain 
there, this scale is productive of ill results for, being a 
non-conductor of heat, it interferes with the production 
of steam. Again, the heat being tmable to readily pass 
through it, the boiler shell may become intensely hot 
at some point and may be forced out of shape by the 
internal pressure, producing what is called a ''bag" 
in the boiler. Also, it may be the cause of certain 
chemical action taking place which gradually corrodes 
the boiler material, thereby weakening it. This corro- 
sion is usually called ''pitting." The deposit of solid 
matter cannot, of course, be prevented; this is bound 
to occur. Its accumulation, however, may be prevented 
by frequent blowing down, at least once a day. When 
the pressure in the boiler is not high, the blow-off valve 
should be opened and a quantity of water allowed to 
escape. This will carry with it a large portion of the 
sediment which has not yet had time to solidify. 

Various means are also employed to keep the scale 
soft, such as introducing certain chemical compounds, 
or by supplying the boiler with small quantities of soda 
through an apparatus similar to an engine lubricator, 
and a small but constant supply of kerosene. Notwith- 
standing all such care that may be taken, the boiler 
should be opened frequently, depending on the quality 
of the water employed, and it should then receive a 
thorough cleaning. The scale should be scraped and 
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chipped loose, then thoroughly washed out by means of 
a strong stream of water. Handhole and manhole 
plates should be carefully replaced, the gasket being 
tightened as described in the section on packing. 

Boilers may be tested in two ways. One by hydraulic 
test, where water pressure, to an amount perhaps thirty 
per cent greater than the working pressure, is employed. 
During this test careful observation will note whether 
any leaks are in evidence. Another and perhaps more 
satisfactory test is that made by entering the boiler and 
striking all parts with a light hammer. Any crack or 
loose portion will be readily detected by the sound, just 
as a cracked plate can be told from a whole one by the 
difference in the sound produced when it is struck. 

In order to supply the boiler with water, one of two 
means is usually employed; either by the pump or the 
injector. In the case of the pump, the cold water 
becomes warm by passing through the feed water 
heater. 

Occasionally the condensed steam in the form of water 
is reemployed. In such a case care must be taken to 
separate the oil, which the steam accumulated in passing 
through the engine cylinder, from the water before 
sending it again into the boiler. For if oil were allowed 
to enter the boiler it would coat the inner side of the 
metal with a thin film which is as bad as the scale itself. 

In starting a new fixe under a boiler, sufficient time 
should be taken to allow the boiler to heat up gradually 
and adjust itself to the new conditions. Rushing the 
fixe will cause such a rapid expansion of the boiler 
material as possibly to develop some latent faults in its 
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construction which would not have become evident had 
the heat been generated slowly. 

The fire should be kept even and thoroughly burning 
at all times, in order to maintain a constant pressure, 
because a variation of pressure produces a constant 
variation in the expansion of the boiler shell which 
tends, in time, to weaken it. 

The fixe should not be allowed to die out in spots, as 
this allows cold air to enter, not only reducing the tem- 
perature of the heated gases but, while killing the sur- 
rounding fixe, allows cold drafts of air to strike the boiler 
shell. If the plant is to be shut down in the evening and 
operated again in the following morning, it is best not 
to allow the fixe to die out entirely. This is prevented 
by what is called banking the fixe. 

To bank the fire, a short while before it is time to 
shut down, a quantity of fresh coal is thrown on and the 
fixe doors are closed for a period sufficient to allow the 
new coal to become well ignited. Then the clinkers are 
thoroughly broken up and they, together with all ashes 
and waste material, are drawn out of the fixe, leaving on 
the grates only the fresh coal, which was thrown on 
shortly before. This is pushed against the bridge wall 
and across the rear portion of the grates. It is now 
covered with a quantity of fresh coal until no glow from 
the burning coals may be observed. This leaves the 
front part of the grate open and clear. 

After disposing of the ashes, the ash doors and damper 
are closed and the fixe doors are left partly open. As 
a result, the fixe smoulders gently throughout the night. 
In the morning there is present a bed of glowing coals 
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whkh requires only to be spread over fhe grate, covered 
with fresh coal and then the draft placed in operation. 
This will produce a good fire in a very short time. This 
also has the added advantage that the temperature has 
not gone down too far during the night. The water in 
the boiler has been kept warm so that steam may be 
raised quickly. 

As a proper and constant supply of oxygen is necessary 
to maintain complete combustion in the furnace and as 
the amount of heat supplied will vary with the demands 
on the boiler, some means is required for the regulation 
of the draft. This may be done by means of the fixe 
and ash-pit doors, but it is generally considered bad 
practice to do so; for, besides the constant attention 
required, opening the fixe doors, to allow cold air to 
enter, reduces the fixe, chills the boiler and the surround- 
ing brickwork, and is liable to crack the brickwork and 
injure the boiler, besides being expensive in the use of 
coal. A better and more efficient means of regulation 
is that of the damper which, though larger, is operated 
on the same principle as the damper of a kitchen stove, 
being merely a plate so arranged in the chinmey that it 
may be swung lengthwise with, or across, the opening. 
To maintain an even pressure, damper regulators are 
employed. The essential principle of a damper regu- 
lator is a piston operated upon by steam from the boiler. 
If it is desired to maintain a pressure of 80 pounds 
per square inch, the piston will be so weighted that, 
when steam in the boiler to which it is connected 
rises to 80 pounds, the piston will move upward in its 
cylinder. If now the piston-rod is connected to the 
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lever operating the damper in such a manner that, when 
the piston rises, it closes the damper, then, when the 
pressure reaches the desired point, the draft will be 
automatically shut off. When the pressure decreases, 
the weights will force the piston down, thus opening the 
damper more or less and in this way a constant regula- 
tion of the air will be maintained, and likewise a constant 
pressure of steam. 

It is of extreme importance that the engineer should 
know the height of the water in the boiler, for if any of 
the parts directly exposed to the heat of the fire should 
be uncovered they would quickly become red hot and 
give way,, due to the pressure upon their surfaces, 
or, if fresh water were supplied, the sudden change in 
temperature would cause a rupture of that particular 
part and a boiler explosion would be the result. In 
fire-tube boilers of the horizontal type it is customary 
to specify that the water level shall always be at least 
three inches above the highest row of tubes. In order 
to maintain the proper level, boilers are supplied with 
water colunms; this is essentially a tube or box of iron 
connected by means of pipes to the upper and lower 
parts of the boiler proper a. Fig. 53. With the con- 
necting valves open, similar conditions exist in this 
water column as in the boiler, consequently water rises 
to a level equal to that in the boiler itself. The water 
column is supplied with three small valves, one placed 
at the point where the greatest height of water is 
carried, one at the lowest point and one between the 
other two. By opening these valves the engineer may 
judge of the height of water in the boiler. If, for ex- 
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ample, on opening the valves there issues a stream of hot 

water from the lower 
one, from the upper one 
a stream of vapor, and 
from the middle one a 
mixture of water and 
steam, we know that 
the water level is close 
to the central point. 
In order to determine 
quickly and exactly the 
height of water, the 
water column is sup- 
plied with an auxiliary 
colunm connected to it 
at the top and bottom 
and is called a gage 
glass, 6, Fig. 53. This 
is a glass tube in which, 
for reasons previously 
given, the water will 
rise to the same height 
as in the boiler and 
water column proper, 
and the engineer may 
know at a glance ex- 
actly its position. 

These glass tubes 
are held in position by 
small stufling boxes packed with rubber washers. They 
are supplied with a valve at either end. Should the 
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Fig. 53. 
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glass tube break (which is apt to occur), the bottom 
valve should be shut off first because the hot water 
will scald, while the dry steam will not. After re- 
placing the tube, the upper or steam valve should be 
opened first in order gradually to establish the pressure 
in the glass before allowing the water to enter. This 
will reduce the possibilities of again fracturing it.. 

Should the water at any time disappear from the gage 
glass so that its height is unknown, fresh water should 
not be supplied to the boiler as some of the tubes may 
have been uncovered. The fixe should be drawn, the 
boiler allowed to cool down and an internal inspection 
of the boiler made before going ahead. When pressure 
is on the boiler and it is desired to open the valves this 
should be done slowly. A valve under pressure should 
never be opened quickly, on account of the liability to 
damage, due to the possible sudden shock. 

STEAM GAGE. 

In order to know at any time just what the pressure 
in the boiler is, the steam gage is employed. To illus- 
trate the principle of this gage, we might take a bit of 
rubber tubing, circular in cross section, and bend it to 
form a circle. If we observe the section of the tube 
under these conditions we will find that it is no longer 
circular, but oval in form. If we try to bring this oval 
back to a round form we can do so only by straightening 
the tube. 

On this principle our steam gages are built. Fig. 54. 
A metal tube, closed at one end and having the other end 
fixed to some convenient means for attaching to a pipe 
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leading from the steam boiler, is bent to a circular form. 
If now steam is allowed to enter this tube it will tend, 
as the pressure increases, to change the cross-section 
form of our tube, which will try to straighten, the closed 
end moving more or less according to the pressure ex- 
erted. If now a needle or pointer be pivoted in some 
suitable manner so that it may be caused to revolve 
by pulling it around, and one end be so connected to 
the closed end of our curved pipe that when the pipe 



Fig. 54- 

moves, due to increased pressure, it will pull the needle 
around, the amount of movement of the further end of 
the pointer passing across a properly graduated scale 
will indicate the pressure in pounds per square inch 
in the boiler. As the bent tube is essentially a spring 
and as the permanent accuracy of the instrument de- 
pends upon its retaining its temper, we try to prevent its 
loss by not allowing the hot steam to come in direct 
contact with the spring tube. This is accomplished by 
connecting it to the boiler through a pipe so bent or 
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curved as to form a trap where any water collects, the 
water being acted upon by the steam and, in turn, acting 
on the curved tube. 
This bent connecting pipe is called a goose neck. 

FURNACE GRATES. 

Boiler grates are made either fixed or movable. The 
material is cast iron. In either type they are made in 
comparatively small sections, to enable replacements 
to be readily effected. The fixed bars will serve as an 
illustration of the shape of all bars. Fig. 55. 
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Fig. 55. 

It will be noted that the cross-section area is deep and 
narrow. This form provides large surface for radiation, 
so that the incoming air becomes fairly warm before 
reaching the fire and keeps the grate in a compara- 
tively cool state by absorbing its heat. 

While fixed grate bars possess the advantage of readily 
holding the coal on a level surface, there is always some 
difficulty in cleaning the fires and removing the ash and 
clinkers. 
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To facilitate the breaking up of clinkers, moving or 
rocking grate bars have been introduced. They are 
made in sections, as are the others, but the ends are 
pivoted and connected to a lever projecting beyond the 
boiler front, in order that they may readily be moved, 
thus breaking up the hard clinkers and causing more 
or less sifting of the ashes. It is important that the 
ash pit be kept clean, for if ashes are allowed to accumu- 
late they will prevent free circulation of air below the 
grates, which, in consequence, will soon become red hot 
and be ruined. 

While hand firing is still continued in many plants, in 
large plants it is sometimes economical to use some 
means for automatically supplying the ftimaces with 
coal. For this reason automatic stokers were designed 
and introduced. These take many forms, among the 
principal ones being that of a piston, which, moving 
backward in a cylinder, allows a supply of coal to drop 
in front of it, and being forced forward, the coal is 
moved into the furnace. In others, the coal, kept in a 
hopper in front of and above the fire doors, is allowed 
to drop down on the upper part of an inclined grate, and 
gradually carried downward by a shaking or rolling 
movement of the grate until, reaching the lower end, it 
has been entirely consumed and drops off in the form 
of ashes. The object of these methods of automatic 
firing is to coke, or gradually heat, the coal to the burning 
point, so as to present a small continuous burning body 
of fuel which enables thorough combustion to take 
place, and then to get rid of the residue, aU in a syste- 
matic and progressive manner. 
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The burning of coal dust has been tried in several 
ways, principally in the form of briquettes, where coal 
dust is held by a suitable binder of tar or similar ma- 
terial, and also by blowing a constant stream of the 
dust into the furnace where it is immediately consumed. 
As this latter form would be difficult to maintain in a 
burning condition if the coal dust alone were supplied, 
the heat for burning it is produced by a small body of 
coals burning on the grate in the ordinary way. 

Where oil is used for fuel greater cleanliness is the 
natural result, as there are no ashes, the oil being 
allowed to enter the furnace through burners and, 
under pressure, there consumed. 

Where blast-furnace gases are employed, the gas is 
ignited, and combustion is maintained by a small 
quantity of fuel burning on the grate as previously 
described. 

In starting the fire in a cold boiler it must be kept in 
mind that the steam space, or space free of water above 
the water line, contains air. As the temperature of 
the water rises, and steam begins to form, this air must 
be removed. In order to do this we open the upper 
valve on the water column. The air escapes through this 
until it has all gone. This will become evident by a 
stream of vapor issuing from the valve nozzle. At this 
point the steam space has become filled with steam at 
the same pressure as the atmosphere, consequently no 
indication is shown on the steam gage. 

When the pressure begins to rise the steam begins to 
register in pounds pressure above the atmosphere. The 
pressure registered on the gage is called the GAGE 
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PRESSURE. The gage pressure, plus the atmospheric 
pressure, is called the ABSOLUTE PRESSURE. 

Water should not be carried at too high a level in the 
boiler. If this is done .the steam space will be so small 
that the main pipe will take up steam in a saturated 
condition. This is likely to give a false height to the 
water line, as the water will run up and down, owing to 
the pull on the steam line. This reduces the pressure 
on the water, and the water, as a consequence, may be 
carried over into the engine. This is called PRIMING. 

Occasionally, if the boiler is being forced or the water 
is dirty, a surging of water up and down in the water 
column will be observed. This is called FOAMING and 
may be remedied by the obvious method of easing up 
the work on the boiler, lowering the water level or clean- 
ing out the old water and getting new. The water 
colunm, pipes and connections should be supplied with 
suitable means for blowing them out frequently in order 
to prevent an accumulation of scale which may give us a 
false water level. 

When two boilers are to be connected while running, 
care must be taken in opening the valves and in making 
the connection very slowly until an equilibrium of pres- 
sure is established. It is better to have the pressure 
nearly alike in both boilers before connecting. 

If two boilers, one having a pressure of 70 pounds and 
the other a pressure of 30 pounds are connected, after 
the valves are open the pressure in both boilers will be 
70 pounds, but the water level in that originally having 
the lower pressure will rise slightly. This is due to the 
condensation produced by the hot steam from the higher 
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pressure boiler coming in contact with the lower tem- 
perature water in the lower pressure boiler. 

CHEHNETS. 

Draft for maintaining combustion may be supplied in 
two ways: natural draft, due to the current of air rising 
through the smoke stack or chimney; artificial draft, 
produced by means of a blower of suitable size and 
form which will force the air through the fire under 
pressure. 

Each pound of coal burned produces from 15 to 25 
pounds of gas. The gas carried off by the chimney in 
a given time depends upon three things: the size of the 
chimney, velocity of the flow and density of the gas. 
The density decreases as the temperature increases. 
Experiment has shown that a temperature of SSo^'F. 
above the surrounding atmosphere may conveniently 
be used as a basis for calculation. 

Necessary calculations for chimneys may be made by 
employing the following formulas : 
Where H.P. = horsepower of boiler. 

H = height of chimney in feet. 
E = effective area in square feet. 
A = actual area in square feet 

Then, H.P. = 3-33 E Vh^ 

g ^ /0.06 H.P. sV 

0.3 H.P. 



E = 
A = 



Vh 
0.3s H.P. 

Vh 
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There is a difference between tiie actual and effective 
areas because of a retardation of velocity due to friction 
against the walls, the layer of gas thus affected is about 
2 inches thick over the entire interior of the chimney. 

There are many conditions which affect the action 
of chimney draft. The first to be considered is the 
question of fuel. In some parts of the country only 
bituminous coals are burned, which requires a large 
air supply. In other parts, anthracite coals are mostly 
used. The rate of combustion per square foot of grate 
surface per hour has been found to vary from 8 to 15 
pounds with anthracite coal, and from 12 to 25 pounds 
with bituminous coal. It is generally conceded that the 
combined efficiency of the boiler and furnace falls off 
rapidly with an increased rate of combustion. It is 
customary to consider that the average temperature of 
the air supplied to a furnace is 62° F. At this tempera- 
ture the air occupies a volume of about 13 cubic feet, per 
pound of weight. Theoretically, perfect combustion 
requires about 12 pounds of air to i pound of the 
products of combustion, or 13 pounds altogether, but 
in practice it is nearer 25 pounds of waste gas that is 
carried away by the chimney. Chimney draft is the 
result of the difference in the specific gravity of the cold 
air brought into the furnace and the specific gravity of 
the waste gases passing up the chimney. This differ- 
ence is produced by the expansion of the gases on 
account of the heat. The question of height is also an 
important factor. The height of a column of expanded 
gases in the chimney, and the difference between the 
specific gravity of a given volume within and a given 
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volume of cold air outside, governs the draft of the 
chimney. It may seem that the draft begins at the 
base of the chimney but, in reality, it begins where 
the supply of cold air first reaches the fire and is ex- 
panded by the heat. It is evident that the question of 
temperatures in the chimney is an important one, since 
the greater the heat the more the gases in the chimney 
will be expanded and the more they are expanded the 
less will be their relative specific gravity. From 450 to 
500 degrees is about the minimum temperature for 
escaping gases in practice. The temperature of the 
gases, as well as the height of the chimney, must, 
therefore, regulate the velocity of the flow of air through 
the furnace. In ordinary practice one half inch draft, 
as shown by the pressure gage, is all that is required, but 
with the small sizes of anthracite coals a greater in- 
tensity is required. 

The draft in a chimney is caused by the difference 
in weight of a column of hot gas in the chimney and 
that of a column of the outside air of the same height. 
For example, let us assume the gases in the chimney 
to be at a temperature of soo'' F. and the outer air at 
62'' F. The weight of a cubic foot of air at 62^ is 0.0761 
pound, and at 500° it is 0.0413 pound, a difference of 
0.0348 pound. Therefore in a 100-foot chimney there 
would be on each square foot of its area an upward 
pressure of 0.0348 pound times 100 or 3.48 pounds. 

Now, as a cubic foot of water at 62^ weighs 62.32 
pounds, a column of water one foot square and one inch 
high will exert a total pressure of 5.193 pounds or 
0*577 ounces per square inch. 
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The draft will, therefore, equal 3.48 -7- 5.193 = 0.67 
inch of water or about 0.39 ounce pressure per square 
inch. However, we have in the chimney a mixture of 
gases, due to the combustion of the fuel, which are not 
of the same specific gravity as air and varying with the 
quality of the fuel; using a good quality of anthracite 
coal and with complete combustion, other conditions 
remaining as previously stated, the draft in inches 
would be about 0.62 of an inch. 

mCBUSTAHON AND SCALE. 

Nearly all waters contain foreign substances in greater 
or less degrees, and, though this may be a small amount 
in each gallon, it becomes of importance where large 
quantities are evaporated. For instance, a 100-H.P. 
boiler evaporates 30,000 pounds of water in 10 hours, 
or 390 tons per month; in the comparatively pure Croton 
water there would be 88 pounds of solid matter in that 
quantity, and in many kinds of spring water as much as 
200 pounds. 

The nature and hardness of the scale formed out of 
this matter will depend upon the kind of substances held 
in solution and suspension. Analysis of a great variety 
of incrustations proves that carbonate and sulphate of 
lime form the larger part of all ordinary scale, that from 
the carbonate being soft and granular, and that from 
the sulphate, hard and crystalline. Organic substances 
in connection with carbonate of lime will also make a 
hard and troublesome scale. 
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SUPERHEATED STEAM. 

It is shown elsewhere that many losses are bound to 
occur in the use of steam. One of the best means of 
partially preventing this loss is by the use of super- 
heated steam. Steam is said to be superheated when, 
at any given boiler pressure, it has a higher temperature 
than the water from which it was evaporated. Water 
cannot exist in the presence of superheated steam for 
it is itself evaporated into steam. 

While the temperature of saturated steam cannot be 
raised without increasing its pressure, the temperature 
of superheated steam, allowed to expand, may be raised 
without increasing the pressure. Expansion is provided 
for by the steam being drawn off and used. The super- 
heater shown at F, Fig. 56, is designed to fulfil these 
conditions and is placed in such a position as to insure 
the steam receiving from 100° to 150^ F. of superheat. 
It consists, as will be seen, of a number of tubes bent 
into a n shape and connected at both ends by pipes 
called manifolds, through one of which steam is received 
from the boiler; through the other the superheated 
steam, after passing through the tubes, is collected and 
delivered to the valve placed above the boiler. 

SAFETY VALVES. 

After having built and placed the boiler in position 
and having equipped it with water column, steam gage, 
etc., it is necessary to supply a safety valve as an ad- 
ditional precaution against generating too much pressure, 
because conditions are apt to occur when the pressure 
will rise far above the normal amount required. 



Digitized by VjOOQIC 



WATER-TUBE BOILERS. 135 

For this purpose there is installed on the upper portion 
of the boiler the safety valve, which is designed to be 
so adjusted that it will remain closed until a predeter- 
mined amount of pressure per square inch is produced. 
Then it should open and allow steam to escape in 
sufficient quantities to prevent a further increase in 
pressure, and it should close again when the steam has 
dropped below the normal pressure. These valves are 
of three kinds, known, as the dead-weighty spring^ and 
lever safety valves. The dead-weight valve, which is 
seldom used, consists of a valve seat with a disc resting 
on and closing the opening, upon which are placed 
weights, equal in amount to the total pressure exerted 
on the valve disc, when the pressure reaches the normal 
point. For instance, were the diameter of the opening 
3 inches, the area would be approximately seven square 
inches. If the normal working pressure at which it is 
desired the valve should open is 100 pounds per square 
inch, it would therefore mean a total pressure of 700 
pounds which would have to be opposed by an equal 
weight of metal placed upon the valve. This is evidently 
too awkward and cumbersome a method for ordinary 
use. On locomotives and' other engines, subject to 
vibration, and in fact on many stationary boilers, the 
spring safety valve is employed. Fig. 57. 

In this case, the disc a rests upon and tightly closes 
the opening of the seat 5. The pressure from the inside 
of the boiler pressing up against and tending to lift the 
disc is opposed by the spring c, the pressure of which 
is adjusted and maintained by the screw d. 

When the total pressure represented by the normal 
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pressure per square inch on the area of the disc is 
reached, the disc rises and allows steam to escape 
through the body of the valve out of the opening e. In 
order to prevent the sudden opening of the valve and 
consequently a loud screech, produced by the steam 
at that time, the small openings / and / are so placed 



Fig. 57. 

that, before the valve entirely opens, a portion of the 
steam escapes through / and / into the body of the 
valve and thus equalizes the pressure. All safety 
valves should be directly connected to the boiler; that 
is, no other valve of any kind should be placed between 
the safety valve and the boiler as it is always possible 
that such valves may be inadvertently closed, thus 
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rendering the safety useless. The third type or lever 
safety valve, illustrated in Fig. 58, is very largely used 
for boiler work on account of its convenient form. It 
consists, as before, of the seat and disc; rising from the 
disc is the stem and pressing the stem and disc into 
position is the lever pivoted at one end and weighted 
at the other. Any change of position of the weight 




Fig. 58. 



varies the pressure upon the disc and consequently such 
a valve is capable of a wide range of adjustments. 

The method of calculation for the lever valve is the 
same as for levers of any kind. This valve is a lever 
of the third class because the power is exerted between 
the fulcrum or pivotal point and the weight. The total 
pressure exerted on the surface of the disc is sometimes 
spoken of as the power. 

The distance from the fulcrum to the point where the 
valve stem touches the lever is called the power arm. 
In all such calculations the length of the power arm. 
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multiplied by tlie powers equals the length of the weight 
army multiplied by the weight in pounds. Therefore 
in order to ascertain any one of the four factors, the 
other three being known, it is only necessary to multiply 
the two known factors on one side and divide by the 
known factor on the other and the result will be the 
answer. 

Example. — Find fhe weight, which, placed at the end of a lever 
24 in. long will a!low a safety valve 4 in. in diameter to open when 
the steam pressure has readied 100 lb. per sq. in., the power arm 
being 3 in. long. 

4 in. diameter = 12.56 sq. in. xoo lb. per sq. in. X 12.56 sq. in. 
= 1256 lb. total pressure. 

Ans. »561b.X3to.powerMin^ ,^ 
24 m. weight arm ^' 

Similarly any one of the other factors may be deter- 
mined. The valve seats are made either flat or angular. 
In flat-seated valves the amotmt of opening may be 
readily determined by multiplying the diameter by the 
constant 3.1416, which gives us the circumference, and 
multiplying this product by the lift; for example: Our 
3-inch valve has a circumference of 9.42 inches. If the 
valve lifts \ an inch, the amount of opening equals 4.71 
square inches. If the valve lifts an amount equal to \ of 
its diameter, the area of the opening is equal to the area 
of the surface exposed to the pressure of the steam. 

The angular valves may be calculated as follows: 
First, multiply the diameter of the valve by 3.1416, and 
also by the lift and by the sine of the angle of the seat; 
call this product (i). Then multiply the square of the 
lift by the square of the sine of the angle of the seat, by 
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the jcosine of the angle and by 3.1416; call this product 
(2). Add products (i) and (2) and we have the amount 
of opening required. 

In order to find the area of opening, given by the lift 
of a valve of 45° bevel and the valve lift being above the 
seat, we use the following rule : 

Multiply the diameter of the opening in inches by the 
depth of the seat in inches and then multiply the result 
by 0.707, and call this product (i). Then multiply the 
square of the depth of the seat by 0.499849 and the 
result by 0.707, and call this product (2). After this, 
multiply that part of the lift of the valve above the seat 
by the diameter of the valve opening, and call this 
product (3). Then add together the three products 
and multiply their sum by the constant 3.1416, and the 
result will be the area of opening expressed in square 
inches given by the lift of the valve above its seat. 

It is necessary that the maximum opening of the 
valves be sufficient to allow free exit for the steam. 

The rule formerly employed was to allow one half 
of one square inch of the valve opening for every square 
foot of grate surface. This rule, however, is not en- 
tirely correct, as the amount of steam generated, heat 
of the fire, and other conditions tend to affect the results, 
and the following rule should be employed : 

To find the diameter of a safety valve for a given 
boiler we use the formula, 

n = 0.0086 7X1^, 

where n =the diameter, E = evaporation per hour in 
pounds of water, jr = lift of valve in inches or fraction 
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of an inch, jp = absolute pressure on the boiler in pounds 
per square inch. 

It is advisable that the valve lever be lifted and the 
valve opened at least once a day, preferably when the 
pressure is low, in order to be certain that the valve is 
in good working condition. For if this is not done, 
corrosion is apt to take place and the valve may become 
stuck, thereby being useless when its services are 
required. 

No additional weights should be placed upon the 
valve lever other than those properly provided and 
adjusted. Neither should it be tied down in any way 
or at any time. 

QUESTIONS. 

I. Describe the damper. 

a. Sketch and describe the water colmnn and gage glass. 

3. How should they be connected to the boiler? 

4. Sketch and describe the operation of the steam gage. 

5. How may coal be supplied to the fire? 

6. What is gage pressure, absolute pressure ? 

7. How should boilers under pressure be connected ? 

8. Find the actual, and the effective areas of a chimney 100 ft. 
high for a boiler of 250 H.P. 

9. How high should a chimney be for a boiler of 400 H.P. if 
the effective area is 12 sq. ft. ? 

10. Find the H.P. of a boiler which may be used if the chim- 
ney is 100 ft. high, and has an effective area of 7.76 sq. ft. 

11. How would you find the cross-sectional area of a 3-in. 
tube? 

12. What is scale ? 

13. What is superheated steam ? 

14. Describe the safety valve and its use. 

15. What diameter safety valve should be used on a boiler 
having a working pressure of 100 lb. with a weight of 60 lb. sus- 
pended 36 in. out on the lever, the power arm being 3 in. long? 
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16. What weight placed 24 in. out on the lever will allow a 
3-in. valve with a-in. power arm to open at the pressure of 80 lb. 
per square inch? 

17. What is priming or foaming? 

18. What is the result if scale accumulates in the boiler? 

19. What injury is this liable to produce? 

20. What shotdd be the diameter of opening of a flat-seat 
safety valve on a boiler running with 100 lb. absolute pressure, 
} in. lift of valve, the boiler evaporating 3000 lb. of water per 
hour? 
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CHAPTER XV. 

PUMPS. 

Steam pumps for suppljring boilers are really a sort 
of combination steam engine and pump. Briefly, they 
consist of a slide valve engine on one end of the frame 
with the usual piston and piston-rod, but without the 
connecting rod, crank and crank shaft. The piston-rod 
is continued and extended into another cylinder opposite 
the steam cylinder, and there fastened into a piston of 
slightly different form and size which pumps the water. 
The piston on the water end is called a plunger. Pumps 
are usually made single or duplex. In the case of the 
latter, it consists of two complete engines and pumps 
combined as one. The cross section of a steam pump 
is shown in Fig. 59. On one end wiU be noted the steam 
engine similar in construction to those previously de- 
scribed and having the piston-rod p and the valve-rod r 
in the usual positions. This portion of the pump re- 
quires no description. Passing to the further end, the 
piston-rod is connected to the plunger ^, working in the 
cylinder c, which forms a portion of the main chamber 
n. There wiU be noted in this end of the pump, four 
valves V, v^, ^^ v®. These are held in position on their 
seats by the springs shown somewhat more clearly in 
Fig. 60, and the source of water supply, passing through 
a proper pipe, allows the water to flow to the point 6. 
Assuming now the piston to be moving from right to 
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Fig. 59. 




Fig. 60. 
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left a partial vacuum is produced in the right-hand end 
of the chamber h. The water at 6, which is, of course, 
under atmospheric pressure at least, now enters the 
chamber h by lifting the valve t^ against the pressure of 
the spring and fills the entire space. On the return 
stroke the plunger, moving now from left to right, pro- 
duces a similar vacuum in the other end of the chamber, 
which is fiUed, as in the previous case, by water passing 
from e to h\ through the valve v. The water which filled 
the right-hand end of h during the previous stroke is 
compelled to find its way out through the upper valve 
^ on that side, through the pipe x. It cannot flow back 
the way it came, into 6, because the greater pressure it 
exerts the more tightly it closes the valve ^ just like a 
trap door, and consequently it can find an exit only 
through the upper valve. The next stroke will con- 
tinue in the same way drawing water again into the 
right-hand side of hy and supplying another quantity of 
water to a? through the upper valve v^ on that side. As 
there would not be a constant flow of water, due to the 
slight interval of rest between the strokes, this is pro- 
vided for by the air chamber n. When the water is 
forced up into the pipe on the first stroke, a portion of 
it enters and partly fills the chamber n, compressing the 
air which it contains. During the interval between one 
stroke and the next, when the flow of water might cease, 
the air, previously compressed in n, expands and forces 
out the water which entered the chamber during the 
previous stroke. This process being repeated produces 
a continuous flow of water through the pipe. 
The connections of the water end of the pump are 
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made so that the delivery line is larger than the suction 
or supply line. The place of an eccentric in such a 
pump is taken by the rods and links /resting in the collar 
j on the piston-rod. As the piston moves forward the 
rod moves with it and a similar rod on the opposite end 
of the shaft moves also and changes the position of the 
slide valve for the other half of the pump. When the 
other half of the pump moves, it shifts, in a similar 
manner, the slide valve «, by means of the rod and 
crank n. 

As the pump is required to supply water to the boiler 
from which the steam operating the pump is supplied, 
it is evident that with a pressure of 100 pounds per square 
inch, to do the work, if the water cylinder were of the 
same diameter as the steam cylinder, the pressures 
would be balanced, to say nothing of the additional work 
required in lifting the water and overcoming the friction 
in the pipes. On this account, the steam cylinder is 
made larger in diameter than the water cylinder, thus 
gaining sufficient additional total pressure to enable it 
to do the work. 

DUPLEX PUMPS. 

The valve mechanism and the setting of the same on 
the duplex pumps are the simplest of all forms of pump 
construction. 

In most cases the valves are of the plain D tsrpe of 
slide valve, with practically no steam or exhaust lap. 
Some slack must be left between the driving nuts on 
the valve stem and the yoke of the valve to allow the 
left-hand piston to nearly complete its stroke before the 
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valve on the right-hand piston begins to admit steam; 
in other words, this slack must be at the proper distance 
to make one piston start just before the other comes to 
rest; otherwise the principal object in a duplex pump — 
that of having a continuous flow of water — would not 
be attained* As a rough rule, this distance between the 
valve stem nuts and the yoke of the valve should be the 
width of one steam port. 

Referring to Fig. 59, it will be noticed that there are two 
sets of steam ports or five ports altogether, two steam 
ports A, A', two exhaust ports B, B', and one exhaust 
cavity C. The object of this arrangement is to cushion 
the piston on the completion of its stroke, this being 
accomplished by the piston passing port B, which has 
been exhausting steam, and as port A is covered by the 
valve at this time, the remaining steam in the cylinder 
will be compressed, thus cushioning the piston and 
preventing it from striking the cylinder heads. 

Setting the valve on a duplex pump is accomplished 
as follows: 

Place the two pistons exactly at mid-stroke as in 
Fig. 59. Then adjust the valve stem nuts D and D so 
that when the valve is in a central position, just covering 
the ports A and A^ the slack between the nuts D and D 
and the yoke on the valve will be the same on either 
side and the combined slack between nuts and yoke will 
be equal to the width of port A. Set the valve on the 
opposite side of the pump the same way. 

In this pattern of pump the steam is admitted at the 
side of the steam chest so that the steam chest bonnet 
P can be removed and the nuts D, D adjusted without 
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breaking the steam connections. In other patterns the 
nut D is a single nut placed between the parts of the 
yoke. In such a case you have only to disconnect the 
link L and turn the valve stem to the right or to the left. 
This screws the stem into or out of the nut. The distance 
between the nut and the yoke cannot be altered without 
adding to or taking from the thickness of the nut 

PUMPING HOT WATER. 

Simply stated, hot water must flow to a pump. Vapor 
rises from water even if it is not of a temperature suffi- 
ciently high to be called hot water. Referring back to 
the description of a suction pump, it will be readily seen 
that, if vapor is rising from the water, the vacuum will 
be wholly or partially destroyed and the suction chamber 
will not completely fill with water because the space is 
already filled with vapor. The effect of this is greater 
because water boils and vaporizes at a lower tempera- 
ture in a vacuum than it does under pressure. It is 
generally considered that a temperature of 190^ F. is 
the limit for attempting to raise water by suction. The 
height to which hot water will be raised by the suction 
can be found by determining the amount of vacuum in 
the suction chamber. It may be laid down as a general 
rule that, in order to have a pump handle hot water 
without trouble, the supply should be delivered under 
pressure or be above the pump and that it should work 
at moderate speed. Metal valves are also preferred to 
soft rubber or similar valves. Gun metal, clack, and 
ball-check valves have been used to advantage for this 
purpose. 
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THE WATER END OF A PUMP. 

In the design of a steam pump, the capacity of the 
water end should be calculated on the consideration of 
piston speed and upon the time allowed for the valve to 
open and close. It is patent that if sufficient time is not 
allowed for the proper opening and closing of the valves, 
the slip will be large and the pump wiU consume con- 
siderable power in doing useless work. The general 
rule has been laid down by most authorities that loo feet 
per minute is the limit of piston speed in order to give 
the water valves the proper time to open and close. It 
has been found, however, in practice, that for some 
designs, even loo feet per minute, piston speed, is too 
much. This applies particularly to those pumps having 
short strokes. It has been found that trying to run 
such pumps at that speed has resulted in pounding and 
in unsatisfactory work. Therefore, in selecting a pump, 
particularly one with short stroke, it is best to select 
one having a capacity sufficient to deliver the requisite 
amount of water, when running at a very moderate 
speedj say 25 to 40 strokes per minute. 

The water cylinder for some purposes is lined with 
a drawn brass tube forced into the bored cylinder cast- 
ing. Holes for valve seats are bored, either with a 
straight taper of about an inch to the foot, or a taper 
tap is used, the valve seat being screwed in. A re- 
movable lining is sometimes used, made of gun metal, 
and this is so arranged that it can be turned in case one 
side gets worn. 

The valves for water ends of pumps include clack or 
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flap, disc, ball) the wing or direct-lift valve and double- 
beat valves. 

The clack valve is a piece of leather held by a metal 
plate with a metal plate under it to stiffen it. The 
object of the plate is to prevent the pressure forcing the 
leather through the valve seat. The leather forms a 
hinge. The disc valves are made of sheet metal or 
India-rubber composition. The ingredients of the com- 
position are such as promote its capacity for wear or, in 
case hot water is to be pumped, for resisting heat. The 
composition which is combined with the rubber is said 
to be mostly oxide of zinc with a small percentage of 
sulphur. 

The action of these valves is as follows: They move 
vertically up and down, the upward movement being 
induced by the pressure of the water and the downward 
movement by springs which are held by washers 
covering the ends of the springs. The valve stems pass 
through the center of the washers, springs and valve 
disc, and a nut on the end above the washer holds them 
in place. The valve seat is made of brass screwed into 
the partition between chambers* This takes the form 
of a circular grate. 

INSIDE AND OUTSIDE PACKED PLUNGERS. 

An inside packed plunger is one in which soft pack- 
ing, hemp or other fibrous packing, is placed between 
the two end discs and forced out so as to make a tight 
joint with the cylinder walls. The outside plunger can 
leak only around the stuffing box and if this leaks it can 
be easily packed or the gland tightened. 
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Water pistons are sometimes made of brass. When 
packing a water piston the packing should be cut shorter 
than the outside circumference of the piston because, 
when it becomes wet, it will swell and greatly increase 
the friction if it does not stop the movement of the pump 
entirely. The inside plunger is beveled for gritty water. 

DIMENSIONS OF A PUMP. 

A pump is described by the diameter of its steam 
cylinder, the diameter of its water cylinder and the 
length of stroke. For instance, a 4" X 3" X 45" pump 
has a steam cylinder 4 inches in diameter, a water 
cylinder 3 inches in diameter, and a length of stroke 
of 4s inches. 

CALCULATIONS. 

The height of suction, theoretically, can be no more 
than 34 feet under normal conditions. Actually, a 
pump can rarely lift through more than 30 feet and 
usually less. The temperature of the fluid pumped has 
a direct bearing on the suction height. 

The diameter i^ inches of the water connections to 
the pump may be calculated as follows : 

Divide gallons per minute by velocity of flow in feet 
per nUnute (200 feet for suction and 500 feet for dis^ 
charge in feed pumps) y extract the square root and 
m,ultiply by 4,95. 

To find the water H.P. required: Multiply the equiv 
alent of the pressure against which the pum,p is to 
work in feet head by the number of pounds of water 
pumped per minute. This gives the duty in foot- 
pounds, Divide the duty by 33,000 to get horse- 
power. 
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To convert pounds pressure into feet head: Multiply 
hy 2^1. 

To convert gallons into pounds of water: Multiply 
by 8.3356. 

To convert cubic feet of water into pounds : Multiply 
by 62.5. 

To find the height of a column of water in feet, the 
pressure being given: Multiply the pressure shown 
tm the gcige by 2.309; or the pressure by 0.434. 

To find the pressure of a column of water: Multiply 
the height of the column in feet by 0.434. The product 
will be the pressure in pounds per square inch. 

One foot in height of the column is equal (approxi^ 
mately) to \ pound pressure per square inch. 

To find the diameter of water cylinder necessary to 
deliver a certain number of gallons per minute, — the 
length of stroke and number of strokes per minute being 
given. Multiply the numher of gallons by 231. I>i^ 
vide the product thus obtained by the stroke of the 
piston. I>ivide this quotient by the number of strokes 
per minute. Then divide this quotient by 0.7854 and 
extract the square root. This will be the required 
diameter. 

Example: Required the diameter of the water piston necessary 
to deliver 51 gallons per minute, stroke of piston la inches, and 
speed 50 strokes per minute. 

^' ^^' -5-50=981.75 = i9-635- 19-635-5-0.7854=25 square inches. 

The square root of 25 = 5, the required diameter of piston. 

To find the capacity of a pump cylinder: Square the 
diameter and multiply by 0.7854, and then by the 
length in inches, and divide by 231. For a given 
number of strokes per minute, multiply by the num- 
ber of strokes. 
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Example: Water cylinder diameter 4 inches, length of stroke 
zo inches; find the capacity of the ptmip. 

4 X 4 X 0.7854 = 12.56. 12.56 X 10 = xas.6. 
125.6 ^ 231 = 0.54 gallon per stroke. 

Example: To find the capacity of a pmnp in gallons at 100 feet 
piston speed, cylinder 5 inches in diameter. Square the diameter of 
the water cylinder and divide by 4. 5 X 5 » 25. 25 X 4 » 100 
gallons per minute at 100 feet piston speed per minute. 

To find the horse power of a pump necessary to feed 
a boiler evaporating a given number of pounds of water 
per hour and carrying a given steam pressure. Mum- 
ply the pressure in pounds per square inch, against 
which the pump is operating, by the velocity of the 
flow of water in feet per minute. Then divide this 
product by 33,000 to obtain the required horse power. 

To determine the proper size of a pump to feed a 
boiler, the first step is to determine the probable amount 
of coal burned per hour and the probable evaporation 
of the water per pound of coal. 

Suppose that each of two boilers has 19 square feet 
of grate surface and bums 10 pounds of coal per square 
foot of grate surface per hour and each pound of coal 
evaporates 8 pounds of water. Then the total evapo- 
ration equals 19 X 10 X 8 = 1520 pounds per hour. 
1520 -r- 60 = 25.3 pounds of water evaporated per min- 
ute for each boiler or 50.6 for both. 50.6 -r- 8| = 6.8 
gallons per minute. To provide for all contingencies, 
the pump should have at least double this capacity, 
or be one that would deliver 13.6 gallons per minute 
when working at a moderate speed. 
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INJECTORS. 



As it is necessary for tlie cold water supplied by the 
pump to be heated on its way to the boiler, this is usually 
done by the use of exhaust steam in a feed-water heater, 
the exhaust being supplied from the engines operating 
the plant. Then, if no engines are running, no steam, 
of course, will be available for this purpose. In this 
case, the injector may be employed. The principle 



Fig. 6i. 

upon which the injector works is briefly as follows: A 
pipe connection, S, Fig. 6i, to the upper part of the steam 
space is made, and the continuation of this pipe into the 
injector proper forms a steam nozzle, F. 

The end of this nozzle extends almost into the second 
nozzle, C, called the combining or suction nozzle; this 
connects with, or rather terminates in, a third nozzle or 
tube, D, termed the ** forcer." At the end of the com- 
bining tube, and before entering the forcer, is an opening 
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connecting the interior of the nozzle at this point with 
the surrounding area.. This area is connected with the 
outside air by a check valve, P, opening outward in 
. automatic injectors, and termed the overflow valve. 

The operation of the injector is based on the fact, 
first demonstrated by Giffard, that the motion imparted 
by a jet of steam to a surrounding column of water is 
sufficient to force it into the boiler from which the steam 
was taken and back into the boiler working at a high 
pressure. The steam escaping from under pressure 
has, in fact, a much higher velocity than water would 
have under the same presstire and conditions. The 
rate of speed at which steam — taking it at an average 
boiler pressure of sixty pounds — travels when dis- 
charged into the atmosphere, is about 1700 feet per 
second. When discharged with the fuU velocity de- 
veloped by the boiler pressure through a pipe, say an 
inch in diameter, the steam encounters the water in the 
combining chamber. Uniting with the body of water 
in the combining tube, it imparts to it a large share of 
its speed, and the body of water thus set in motion, 
operating against a comparatively small area of boiler 
pressure, is able to overcome it and pass into the boiler. 
The weight of the water to which steam imparts its 
velocity gives it a momentum that is greater in the small 
area through which its force is exerted than is the boiler 
presstire, although its force has actually been derived 
from the boiler pressure itself. 

An injector is a very efficient substitute for a feed 
pump ; but even though it puts the water into the boiler 
at 150° F., this high temperature does not represent a 
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coal saving because the heating is done by steam taken 
from the boiler itself, rather than by the waste heat of 
the exhaust steam. 

Injectors should be used only as supplementary feed 
systems, or for portable boilers. 

In round numbers it may be stated that for every 
10° F. that the feed water is heated before entering the 
boilers, i per cent less coal is required to generate the 
same horse power. Also, for each io° F. increase in 
feed temperature, the boiler capacity is increased i per 
cent. By transferring the exhaust of the feed pumps 
and other auxiliaries from the main condenser to the 
heater, the effective condenser capacity is increased 
I per cent for every io° temperature rise of the feed. 
By feeding very hot water to the boilers the severe 
temperature strains that are the source of leaking tubes 
and seams are avoided. 

In the injector. Fig. 6i, the steam enters from above, 
the flow being regulated by the handle, K. The steam 
passes through the tube, S, and expands in the tube, V, 
where it meets the water coming from the suction pipe. 
The condensation takes place in the tubes, V and C, and 
a jet of water is delivered through the forcer tube, D, to 
the boiler. Connection passages are made to the cham- 
ber surrounding the tubes, C, D, to the chamber, H. If 
the presstire in this surrounding chamber becomes 
greater than that of the atmosphere, the check valve P 
is lifted and the contents are discharged through the 
overflow. So long as the pressure in this chamber is 
atmospheric the check valve, P, remains closed, and all 
the contents must be discharged through the tube, D. 
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There are three distinct tjrpes of live-steam injectors, 
the ^^ simple fixed nozzle," the ^'adjustable nozzle," 
and the '^ double nozzle." 

The first has one steam and one water nozzle which 
are fixed in position but are so proportioned as to yield 
a good result. There is a steam pressure for every 
instrument of this type at which it will give a maximum 
delivery, greater than the maximum delivery for any 
other steam pressure either higher or lower. 

The second type has but one set of nozzles, but they 
can be so adjusted relative to each other as to produce 
the best results throughout a long range of action; that 
is to say, it so adjusts itself that its maximum delivery 
continually increases with the increase of steam pressure. 

FEED- WATER HEATERS. 

Feed-water heaters are made in two general forms, 
known as open and closed heaters. They resemble, in 
principle, jet or surface condensers in so far that, in 
the one case, there is a mixture of cooling and condensed 
water; in the other, the water is heated by flowing over 
heated surfaces. One disadvantage of the open heater 
is that oil and grease from the exhaust steam become 
mixed with the feed water. 

Enclosed heaters are such as shown in Fig. 62, where 
a metallic vessel of suitable size contains a number of 
tubes or coils connected to partitions, so placed in the 
ends of the main vessel that the entering feed water is 
caused to flow or circulate through them in its passage 
from one end of the vessel to the other. 

In the illustrationi the exhaust steam is allowed to 
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Fig. 62. 
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enter at a and fill the larger vessel, coming in contact 
with the surfaces of the pipes in such a manner as to 
thoroughly heat them and then passes out at h. This 
heat is absorbed by the circulating feed water which 
passes from the inlet c through the pipes, as shown 
by the arrows, and out at d to the boiler in a heated 
condition. The circulating pipes should preferably be 
made of brass or copper, and the points where they 
pierce the inner heads or plates should be carefully 
constructed and packed in order to remain perfectly 
tight and yet allow for expansion and contraction due 
to change in temperature. At e is a settling chamber 
to collect such solid material as may be liberated from 
the water. On both sides of each piece of apparatus, as 
feed-water heaters, pumps, injectors, etc., valves should 
be placed in order that the apparatus may be cut out 
of the line if necessary. On the feed line, a valve should 
be placed as close to the boiler as possible and just 
before this valve, usually of the ordinary globe type, a 
check valve must be used in order to prevent the pres- 
sure in the boiler from forcing the water out on the line «- 
again. 

QUESTIONS. 

1. What is a steam pump? 

2. V^at forces water up into the suction pipe? 

3. Which cylinder is the largest in steam ptmips and why? 

4. How much does a cubic foot of water weigh? 

5. How many gallons are there in a cubic foot? 

6. How much does a gallon of water weigh? 

7. How many cubic inches in a XT. S. Standard gallon? 

8. Given the height of a gallon of water, how would you calcu- 
late its pressure per square inch? 
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9. How would you detennine the height when the pressure is 
given? 

10. How is the total resistance per square inch overcome by a 
water piston determined? 

11. What difference does it make whether the supply is above or 
below the pump? 

12. How would you calculate the pressure against which a 
pump will work? 

13. How would you calctilate the steam pressure necessary to 
operate a boiler feed ptunp? 

14. How would you calculate the diameter of the water piston 
for a pump? 

15. How would you calculate the diameter of the steam piston 
for a ptunp? 

16. What is the limit of speed for a pump? 

17. How would you calctilate the capacity of a pump for 100 feet 
piston speed per minute? 

18. How would you calctilate the diameter of a pump piston to 
move a given quantity of water per minute? 

19. How is tiie size of pipe, necessary to deliver a certain quan- 
tity of water, calculated? 

20. What is the difference between the simple or single steam 
pump and the duplex pump? 

21. How would you set the steam valves of a duplex pump? 

22. When and why are steam valves given ** lost motions "? 

23. How many ports has a common duplex pump? 

24. How many water valves has a duplex pump? 

25. How high will a pump lift water? 

26. Against what presstire will a pump work? 

27. What can you say in regard to the pumping of hot water? 

28. What is the purpose of an air chamber on a pump? 

29. What is the effect of air in the suction pipe? 

30. How would you find the horse power necessary to elevate 
water to a given height? 

31. If a stand pipe is 100 feet high, what pressure will the gage 
show at the bottom? 

32. What is a vacuum? 

.33. How many gallons per hotu: would be pumped by a pump 
having a plunger 6 inches in diameter, stroke 24 inches, speed 100 
ft. per minute? 
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34* How many foot pounds work will be done if the water is 
pumped into a tank 50 feet above the supply? 

35. How would you determine the efficienqr of a pump? 

36. What is an injector? 

37. Why should both an injector and a pump be provided? 

38. Describe a steam pump. 

39. Describe a feed-water heater. 
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CHAPTER XVI. 
CORLISS ENGINE. 

One of the greatest advance steps in engineering 
work was the invention, by George Corliss, of the type of 
engine which bears his name. 

The cylinder of the Corliss engine has four valves 
placed, as one might say, at the comers of the cylinder 
section. The two upper valves are the steam valves, 
the two lower are the exhaust valves. 



Fig. 63. 

The seats on which they operate consist of openings 
bored through the cylinder casting at right angles to its 
length. The valves themselves are in the form of 
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cylinders, carefully fitted to these openings and having 
a portion of the central section removed as shown in 
Fig. 63. By reference to the figure it will be seen that 
steam entering through the main steam pipe s passes 
through a chamber close to the cylinder casting, thus 
helping to maintain the temperature of the cylinder, 
and enters the cylinder through one of the steam valves 
V or v'. After doing its work it passes out through 
one of the lower valves e or e', passing through another 
chamber to the exhaust pipe «. The valves might be 
called oscillating valves, as they do not produce a com- 
plete revolution but swing on their centers to open and 
close the port openings. The ports, it will be noticed, 
are large, allowing rapid admission of the steam, and 
the valve being so near the cylinder proper there is very 
little length of port. Consequently, there is little energy 
lost due to a quantity of steam remaining in the ports, 
which enables close regulation. Referring to Fig. 64, 
illustrating the exterior view of the Corliss engine, it 
shows the reach rod r, which is operated by the eccentric 
through the eccentric rod and rocker arm. The recipro- 
cating movement of this rod is employed to produce 
an oscillating movement of the wrist plate w^ mounted 
on a stud at the side of the cylinder. This movement 
of the wrist plate produces a corresponding motion of 
the four studs bb-b'b' placed upon its face. This move- 
ment in turn is imparted by means of the adjustable 
rods cccc to the four valves. The lower studs 6'6' are 
directly connected to the exhaust valves by means of the 
rods cc and the cranks dd keyed to the valve stems. 
The two upper studs operate the steam valves through 
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the valve mechanism or release motion as follows, see 
Fig. 65, 

In admitting the steam the wrist-plate rod moves to 
the right and pulls with it the bell crank c\ which has on 
one of its ends the hook e. In moving up, this hook 
engages with a pawl h fastened to the valve stem a, 
and lifts this pawl, rotating the valve on its center and 
allowing the admission of steam. The hook is pivoted 
as shown at d and carries a roller r fastened to a short 
arm on the reverse side of the supporting bell crank. 
The governor rod connected at 2 extends to a suitable 
crank on the engine governor and as the engine increases 
or decreases in speed the governor causes this rod to 
move J to the right or to the left. In doing so it turns 
the crank J upon its center causing the little roller on the 
opposite arm of the crank j' to vary its position on the 
circumference of a circle, having a as a center. At some 
point in the movement of the valve the roller controlling 
the hook e will come in contact with the roller on the 
bell crank f connected to the governor rod. When 
this occurs the hook e is forced out, thus releasing the 
pawl on the valve stem. 

The point at which these two rollers come in contact 
being regulated by the governor, the release of the valve 
occurs at an earlier or later period of the stroke as may 
be required by the work then being done. On the valve 
being released in this manner, it is free to close. In 
order to enable rapid closing there is pivoted to the pawl 
a vertical rod extending downward to the dash-pot. 
This may be placed in either a vertical or an inclined 
position, although the principle is the same in all. One 
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form is shown in Fig. 66 which consists of a stationary 
base a which is fixed to the engine frame, and a movable 

plunger h connected by 
the vertical rod r to the 
valve pawl. The plunger 
is fitted with packing 
rings, in order to produce 
an air-tight joint. When 
the hook is opening the 
valve, the rod is lifted, 
drawing the plunger up- 
wards. An annular space 
is thus left below the 
plunger in which a partial 
vacuum is formed. 
As soon as the valve 
t has been released by the 
hook the atmospheric 
pressure on top of the 
* piston pushes it rapidly 

downward, due to the partial vacutmi below it. By 
means of the pull thus exerted on the rod it closes the 
steam valve almost instantaneously. The very small 
amount of air remaining in the dash-pot cylinder serves 
to cushion the plunger and prevent it from striking the 
bottom of the cylinder. Should too much air accumulate 
in here it may be allowed to escape by means of the 
check valve e. 
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COMPOUND ENGINES. 

As we have already seen, economy is obtained by 
the use of high-pressure steam used expansively. On 
this principle it would be to otir further advantage to 
increase our boiler pressure to 150 pounds or more per 
square inch, and produce a sufficient number of expan- 
sions to bring the back pressure considerably below that 
of the atmosphere. This would involve a large number 
of expansions, and consequently an extremely long 
engine cylinder. The difficulty in the way of employing 
such a cylinder is, in the first place, in the machining. 
Such a cylinder would be greatly distorted, largely due 
to the fact that, in the period of time elapsing while the 
piston was traveling from one end of the cylinder to 
the other, and due to the increased volume with conse- 
quently lowered pressure, the variation in temperature 
would be so great as to produce considerable condensa- 
tion of steam. In order, then, to obtain good results 
without consequent ill effects, compound engines are 
used. These consist briefly of engines having two or 
more cylinders, acting on and delivering their power to 
the same crank shaft. 

If, for example, steam at 150 pounds per square inch, 
occupying a voltmie of 2.96 cubic feet, were admitted 
to an engine and were allowed to perform its work and 
expand until it had reached the pressure of 75 pounds 
per square inch, this work would have been done under 
favorable conditions; but instead of allowing steam to 
exhaust from this cylinder at a pressure still sufficient 
to do good work and to escape to the atmosphere and 
thereby be lost, in the compound engine we now send 
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it into the cylinder of a second engine, so that the ter- 
minal pressure of steam of the first engine becomes the 
initial pressure steam of the second engine. 

On account of its reduced pressure its volume would 
have increased to 5.68 cubic feet; therefore, the cylinder 
of the second engine should be proportionally larger in 
volume, so that at each stroke it might accommodate 
the steam exhausted from the first engine during each 
stroke. If, now, the connecting rod of both of these 
engines is connected to the same shaft, we will have the 
advantage of the high-pressure steam, the great num- 
ber of expansions and the combination of the total power 
of the engines delivered to one shaft. This, in brief, 
is the compound engine. It may consist of two or more 
cylinders known respectively as double, triple, quad- 
ruple expansion, etc. The cylinder getting the steam 
first is called the high-pressure cylinder. That receiv- 
ing it last is called the low-pressure cylinder. Where 
three or more cylinders are employed the others are 
called first and second intermediates, as the case may 
be. Compound engines are also designated according 
to their construction. When the cylinders are placed 
one behind the other, the piston being on the same 
piston-rod and having but one connecting rod and crank, 
it is called a tandem compound. Fig. 67, the path of the 
steam being indicated by the arrows. 

If the engines are placed side by side having separate 
connecting rods and cranks they are called cross com- 
pounds. Fig. 68. While the latter type occupies con- 
siderable space it has the advantage in the fact that the 
cranks may be placed at right angles to each other. 
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thereby insuring ease in starting, for while one engine 
may be on the dead center the other will be at its point 
of mayimtim turning power. Also, if desired, one engine 




Fig. 67. 



Fig. 68. 



may readily be disconnected from the shaft and the other 
one operated by itself. 

These engines are sometimes built vertically and 
sometimes a combination of both the vertical and the 
horizontal type is employed in the same engine. When 
the steam passes from the high to the low pressure 
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cylinder it is occasionally led to a receiver connected 
between two engines in which it may be slightly super- 
heated before entering the second cylinder. This id 
done in order to get rid of any moisture which may 
have collected Fig. 68, a. 

In all cases the length of stroke of the pistons are 
alike; therefore, the increase in volume is gained by 
increasing the diameter of the lower pressure cylinders. 
In considering the use of high-pressure steam in con- 
nection with compotmd engines, it is necessary to de- 
termine how many expansions we desire to obtain. If, 
for example, the steam pressure be limited to 185 potmds 
absolute and the terminal pressu):e be considered as 
6 potmds absolute, we apply the following rule: 

Divide the absolute iniUal steam pressure by the 
absolute terminal pressure and the quotient will he 

i8s 
the total number of expansions* Thus we have -7- 

which equals 30.8 expansions. As there will be a slight 
loss between the cylinders thi3 wUl produce actually 
about 30 expansions. 

Having determined the total number of expansions, 
in order to find the approximate number in each cylinder 
we employ the following rule: 

For double expansion, extract the square root of 
the total. For triple expansion^ extract the cube root 
of the total. For quadruple expansion extract the 
fourth root of the total. Therefore in a triple expansion 
engine having 30 expansions the approximate number 
obtained in each cylinder would be \^ = 3'i* 

It is customary and preferable in actual operation 



Digitized by VjOOQIC 



CORLISS ENGINE. 171 

to make the cut-off in the high-pressure cylinder a little 
earlier than in the others. This will ordinarily produce 
the following results: 

high pressure 3.2 expansions 

intermediate 3.1 ** 

low pressure 3.0 " 



Total 
30 



In the case of compotmd engines the condenser is of 
special value, enabling us to obtain the greatest number 
of expansions by bringing the ter- 
minal pressure below that of the 
atmosphere. 

CONDENSERS. 

There are many styles of con- 
densing apparatus, but they may be 
placed as belonging to two types 
known as first, jet condensing, and 
second, surface condensing appa- 
ratus. In either case quantities of 
water are required to produce the 
cooling action necessary; therefore, 
particularly in cities, unless large 
quantities of water can be obtained 
from artesian wells or similar sources, 
condensing is not resorted to unless 
in a plant of fairly large size which 
will run economically even with the 
extra expense of the water and inci- 
dental apparatus. The jet condensing Fig. 69. 
apparatus, Fig. 69, consists of a vertical hollow vessel &, 
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one end connecting with the cylinder by the exhaust 
pipe e and the lower end with the air pump at c, the 
whole system being perfectly air-tight Into the con- 
denser and near the inlet for exhaust steam is intro- 
duced a spray pipe or sprinkler a by means of which 
a shower of cold water entering at i is allowed to mingle 
with the exhaust steam, condensing it and producing a 
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mixture of injection water and condensed steam which 
falls to the lower portion of the condenser and is pumped 
out of it to the hot well. The surface condenser does 
not mix the water and exhaust steam. A series of 
tubes are placed in the main body of the condenser. 
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through which a quantity of cold water is maintained in 
circulation. The exhaust steam entering the body of 
the condenser, surrotmding and coming into contact 
with the cool surfaces of the pipes containing the circu- 
lation water, is condensed and disposed of as in the 
previous case. 

In Fig. 70 is shown a surface condenser. The cooling 
water entering at a passes through the tubes as shown 
by the arrows, and out at b. The exhaust steam enters 
at c, the water of condensation being pumped out at e. 

QUESTIONS. 

1. Describe briefly a Corliss engine. 

2. Wherein does it di£fer from the ordinary slide-valve engine? 

3. Describe the valve motion? 

4. What is the object of the dash-pots? 

5. What is a compound engine? 

6. Name some advantages due to its use? 

7. Why do the cylinders di£fer in size? 

8. How are the total number of expansions determined? 

9. What is a condenser? 

10. Describe a surface condenser; a jet condenser. 
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CHAPTER XVn. 
PIPES AND FITTINGS. 

In order to connect the boilers, engines, pumps, and 
various other pieces of apparatus so that steam and water 
may flow between them, hollow iron conductors called 
][dpe8 are employed. 

The pipes are joined by the use of small properly 
shaped pieces, suitably threaded, called '* fittings." 

Pipes are either welded or riveted, according to their 
size. Steam piping is spoken of in terms of the inside 
diameter or size of the opening. For example : A half- 
inch pipe implies that the inner diameter is approximately 
one half inch. The outer diameter would probably be 
nearly three quarters of an inch. Similarly, a one-inch 
pipe would have an exterior diameter larger than one 
inch, while the opening would be approximately one inch 
in diameter. 

Tubing, however, under which head would be placed 
brass pipe and boiler tubes, is measured by its outside 
diameter. 

Pipe is supplied in lengths having a thread at each 
end. Pipe threads, as well as the threads in all fittings, 
where such are required, unless otherwise specified, 
are supplied as right-hand threads. This means that 
in turning a right-hand screw or thread, in order to 
tighten it, it will be turned in the same direction as that 
taken by the hands of a clock; and in the reverse direc- 
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tion in order to loosen it. Conditions sometimes require 
the use of a thread working in the opposite direction. 
When this is the case a left-hand thread must be 
specified. 

When connecting two pieces of pipe, one being a con- 
tinuation of the other, a short piece of pipe, threaded 
internally to fit the external threads on the pipe ends, is 
used. This fitting, as shown in section. No. i, Fig. 71, 
is called a coupling. The threads on the ends of steam 
pipes are made tapering ; that is, the front end is smaller 
in diameter than the rear end. Threads in fittings are 
tapered in a similar manner. This makes it easier to 
screw together at the start and the further they are 
turned the tighter the threads get, finally wedging to- 
gether as a steam-tight joint, which would, of course, be 
impossible were the threads parallel in diameter as is 
the case in an ordinary machine screw. 

It is sometimes required that the ends of two pipes 
already in position be connected as in the previous case, 
so that screwing the coupling up on one pipe would 
unscrew it from the other, in case all right-hand threads 
are used. In such a case, the external thread on one 
pipe end is made left-handed and the other right-handed 
and a similarly threaded right and left coupling is 
employed. On account of the difference of angle in 
the threads both will tighten up or loosen at the same 
time. The external appearance of this coupling differs 
from the previous one in having several straight, raised 
projections, lengthwise of itself. 

When necessary to join two pipes at right angles with 
each other a fitting called an elbow or ell is used. No. 2, 
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Fig. 71. Unless otherwise specified, these elbows are 
supplied with openings at 90"" to each other. They may, 
however, be obtained with openings at other angles to 
each other as well as with an additional opening on the 
side of the elbow, if so desired. 

Where a line of pipe is joined in some part of its 
length by another pipe at right angles to it, the joint is 
formed by a fitting called a Ue, No. 3. 

Where two lines of pipe cross each other, forming four 
right angles, a fitting called a cros» is employed, No. 4. 

If it is desired to join two pipes of different diameters 
with one fitting it is done by the use of a fitting having 
openings of the required diameters for the two sizes 
of pipe and this is called a reducing coupling^ or elbow, 
as the case may be. 

If it is desired to screw a pipe into a larger fitting 
the space between the two may be filled by the use 
of a bushing as shown in No. 5. This is a piece of 
material having an internal thread to fit the smaller 
and an external thread to fit the larger size with a 
hexagonal shape at a, to fit a wrench, for convenience 
in tightening. 

If two fittings or valves are placed close together and 
only a short piece of pipe is required to join the two, this 
pipe is called a nipple, No. 6. If this is so short 
that the threads meet, as shown in No. 6j it is called a 
close nipple. If there is, perhaps, half an inch of blank 
space between the threads, it is called a short nipple, 
and one somewhat longer, extending to two or three 
inches in total length, would be called a long nipple. 

If it is desired to close the end of a pipe^ the cap. 



Digitized by VjOOQIC 



178 ELEMENTARY STEAM ENGINEERING. 

No. 7, is used; or to close the opening in a fitting, tlie 
plug, No. 8, will serve. 

Sometimes the right and left coupling may not be 
convenient to join pipes, under the conditions previously 
mentioned. For this purpose we will employ a fitting 
called a union, No. 9. It consists of three pieces, 
two of which, a and a', are threaded internally with 
right-hand threads. These screw on the ends of the 
pipes to be joined together. The loose collar h slides 
over the portion a of the union and is stopped by the 
projecting rim. It is then screwed on to a'; the tighter 
it is screwed in position the closer the two portions of 
the union, a and a', are drawn together. 

In the case of the common union, opposing surfaces of 
a and a' are separated by a washer, made of packing, in 
order to enable a tight joint to be formed. In the better 
grade of unions this is a grotmd joint, the face in contact 
being turned to a hemispherical form and then carefully 
ground to a tight fit. No washer is required in this case. 

In joining the ends of large pipes together, or to 
valves, the flanged coupling. No. 10, is largely used. It 
consists of a disc threaded internally to receive the pipe 
and having on the flat portion several holes to receive 
the bolts. These are used in drawing the faces of the 
flange firmly together. The space between the faces 
is filled either with sheet packing, copper or other suit- 
able material. Occasionally the inner edge of the 
thread is chamfered off, and the pipe having been 
screwed home is peened over, after which the entire 
flange and pipe is machined absolutely true in order 
to make a first-class joint. 
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In steam heating the radiators are sometimes made 
of a number of pipes, parallel with each other and screw- 
ing into one casting at the end. Such a fitting is called 
a header f No. 11. Again the radiator will sometimes 
consist of pipes parallel to each other, connected from 
one to the other in zig-zag fashion, the fitting in this 
case being called return bends, No. 12. These fittings 
and valves are not, by any means, all of those employed 
in steam-fitting work, but they comprise the principal 
ones in ordinary use. Other fittings employed will be 
needed only in special cases and to meet extra condi- 
tions, and even then they will vary in shape, but not in 
principle, from those illustrated. 

VALVES. 

In order to control the flow of a liquid through pipes, 
valves are employed. These are really nothing more 
nor less than suitably constructed fittings of various 
kinds so arranged that they may be operated either 
automatically or by hand. 

In Fig. 72, showing a globe valve which is repre- 
sentative of a large number of valves used in an engine 
plant, the main casting, spherical in shape, gives it its 
name, the globe valve. 

At a is a circular plate or disc, the lower surface being 
either flat or beveled and of metal or other suitable 
material, and forming the actual door which is opened 
or closed, o is a ring which forms the seat of the valve. 
The surfaces of a and o, which come in contact, are 
accurately fitted in order that they may be steam-tight 
when closed. The rod, &, is the stem of the valve. 
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Fig. 72. 

The lower end is so fitted into the projection on the 
upper part of the disc that it is free to revolve in the disc 
and yet cany the disc with it. On the stem is shown a 
thread which screws into the nut, d. This enables the 
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valve to be opened or closed by turning the stem by 
means of the hand-wheel, e. In order to prevent 
leakage through the threaded portion of the stem, the 
stufBng box is provided, as shown. This consists of a 
recess made in the projecting hub which is filled with 
asbestos wicking. The gland, ^, is pressed down upon 
the asbestos by means of the nut, h. This forces the 
packing snugly around the valve stem and prevents any 
leaks. The ends of the body are shown threaded to 
fit the steam pipe. 

In its passage through this valve, as indicated by the 
arrows, the steam must make two right-angle bends 
which, of course, produce considerable friction. 

These valves are sometimes made with the threaded 
portion of the pipe at right angles to each other. They 
are then called angle valves, but the same principle of 
construction holds good in all cases. 

In the larger forms, with slightly different details of 
construction, they are used as the main valves on engines 
and boilers, in which case they are called stop valves. 

In the large sizes, instead of being threaded to receive 
a pipe, they are supplied with flanges, by means of which 
they may be bolted into position. 

Mention has been made of the fact that the course of 
the steam through this valve is rather indirect. This 
would become a serious objection were the heavier 
fluids, such as water, employed. To overcome this 
difficulty, valves on water lines are often of the straight 
way or gate valve type. Such a valve has the seat and 
disc, as before, with the exception that they are placed 
in a vertical position. 
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The disc proper is somewhat wedge shaped. The 
seat is composed of two parts, a and &, Fig. 73, the front 
portion a being the seat proper, as before, and when the 



Fig. 73. 

valve closes, the rear portion &, an inclined surface on 
which the disc slides, forces the valve disc tightly 
against the seat a as the disc is lowered by means of the 
valve stem connected in similar manner to that of the 
globe valve. This construction is shown in Fig. 73, 
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which also makes it clear that the passage of the liquids 
through this valve will be in a continuous straight 
line. 

Another valve largely used for certain purposes in the 
engine and boiler room is of the plug type, as shown 
in Fig. 74. This is similar in construction to the valve 



Fig. 74. 

used on the ordinary gas jet, consisting of a body in 
which is made a tapered hole. 

A tapered plug is fitted into the hole, both being 
carefully ground together. The nut and screw on the 
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plug enable us to draw the plug farther in the hole and 
tighten the valve, in case of a tendency to leak. 

A combination to some extent of the plug and globe 
valves, carefully packed under heavy pressure, is used 
for boiler blow-off valves. These are made unusually 
strong because, due to the position in which they are 
placed, they cannot so readily be observed. Their work 
is extremely important for, should a serious leak occur, 
they will possibly allow the water to flow out of the boiler 
when in operation, thus producing serious results. 



Fig. 75. 

Another very important and largely used valve around 
the steam plant is known as the check valve. This is 
an automatic valve, in the sense that it will take care 
of its own operation. It is designed to allow the flow of 
liquids or gas only in one direction. 

Figs. 75, 76, and 77 illustrate three types of check 
valves. In Fig. 75 is illustrated a swinging check valve. 
The body is similar in construction to that previously 
shown, except that there is no stem present and the 
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valve disc rests upon a seat placed at an angle in the 
valve body. The disc swings by means of the arm b 
from the pivot. Liquid, passing in the direction of the 



Fig. 76. 

arrow, will lift the disc, and pass on. Any attempt to 
flow in the opposite direction will close the valve, and 



Fig. 77. 

the greater the pressure, the more tightly the valve 
will be closed. The cap, shown at a, is necessary for 
placing in position the disc and the arm. 
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In Fig. 76 is shown a ball check valve. The ball seen 
resting on its seat is lifted by the pressure below it into 
the recess above, allowing the flow of liquid in one 
direction. The pressure produced in the other direc- 
tion forces the ball down to its seat, thus closing the 
valve. 

In Fig. 77 a similar valve is shown, the only difference 
being that, instead of a ball, the disc is used as before. 
This is guided in the recess by the wings or vanes, 
shown above it. The method of operation is similar 
to that previously described. 

Sometimes steam is desired at a lower pressure than 
that in the boiler. Suppose, for example, the boiler is 
supplying steam at 80 pounds to run the engine, and 
steam at 8 or 10 pounds is desired for some heating 
apparatus. This must be taken from the boiler supply- 
ing steam at the higher pressure. This reduction is 
accomplished by throttling the steam with a reducing 
valve. These may be operated automatically and a 
constant pressure maintained in the steam pipe. In 
one instance. Fig. 78, a diaphragm of rubber material 
is placed at a, having its edges clamped by means of 
the bolts &, extending around its circumference. The 
center portion of the diaphragm is held by means of the 
nuts above and below, shown on the spindle or stem of 
the valve v. The steam pressure acts on the lower side 
of the diaphragm tending to lift and close the valve, 
while the weight set to produce the desired pressure 
tends to open it. The movement of the diaphragm, 
due to either of these causes, produces a shifting of 
the balanced valve v. When live steam is turned on, the 



Digitized by VjOOQIC 



PIPES AND FITXraOS. 



187 



valve is full open. This is due to the pressure of the 
weight above. When the pressure passing through 
and acting on the diaphragm equals the weight above, 




Fig. 78. 

the tendency of the valve is to close. Therefore, this 
action maintains the valve open just sufficient to allow 
enough pressure per square inch to be maintained on 
the side e of the valve. 

In all plants there is more or less loss, due to con- 
densation. Particularly is this the case where long 
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lines of steam supply or steam-heating pipes are used. 
It is necessary to get rid of this entrained water of con- 
densation as soon as possible, both in order to prevent 
annoyance and injury and also to prevent greater con- 
densation taking place, due to the presence of the cooler 
water. 
For this purpose steam traps are employed. The 




Fig. 79. 



principle of construction is extremely simple. The ob- 
ject to be obtained is to rid the pipes of the condensed 
water without allowing the steam to escape. Such a 
trap, Fig. 79, consists essentially of a chamber con- 
nected to the steam pipes at such a point that any con- 
densed water will readily flow into the main body' of 
the trap and there be collected. Forming a portion of the 
trap is the valve v^ which is normally closed, due to the 
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weight of the lever ;, and the float /, pressing down 
upon it. The float may be a hollow metallic ball or 
receptacle of any suitable size or shape. As the water 
collects in the main body of the trap and finally reaches 
a height sufficient to lift the float, this action will open 
the valve, allowing water to flow out, nearly emptying 
the trap. As the steam is pressing on the upper sur- 
face of the water, and the lowering of the level of the 
water causes the float to drop and the valve to close 
before all of the water has passed out, there consequently 
is no chance for the steam to escape at any time, because 
it is trapped by the presence of the remaining body of 
water between itself and the opening, and the trap is 
never entirely drained while in use. 

In the main steam pipe from the boiler to the engine 
it is also advisable to place a steam separator, because, 
even in a properly designed and installed steam plant, 
more or less moisture is carried over with the steam 
into the engine cylinder, and conditions may arise 
which will cause an increase in the amount of this 
moisture. Some means, therefore, should be taken to 
separate it from the steam in its passage to the engine. 
The principle of such a steam separator is shown in , 
Fig. 80 where the steam, instead of being allowed to 
pass directly along the pipe, makes several changes in 
direction by striking the baffle plates &, placed in the 
main chamber of the separator. The steam at high 
speed readily changes its direction. The weight of the 
entrained water, however, and its momentum causes 
it to be carried in a straight line and strike the sides of 
the metallic plates to which it will cling in preference 
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to passing on with the steam. The water then runs 
down the plates and collects in the receiver at the bot- 
tom, whence it is drained by the steam trap. 

Of somewhat similar design to the steam separator 
is the grease extractor or separator, employed where the 
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fig. 80. 

condensed water from the exhaust steam is to be used 
over again. It is necessary to cleanse this water of the 
cylinder oil and other grease, which it may have col- 
lected on its passage through the engine, and to do this 
it is allowed to pass into a large vessel, a portion of 
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which is occupied by either gratings or chains or similar 
objects suspended in the path to be taken by the exliaust 
steam. The contained oil and grease, to a very large 
extent, collects on the surface of these metallic bodies. 
The steam, in the form of condensed water, then passes 
to a supplementary purifjring chamber and then being 
practically free from all grease and oils, collects in a 
reservoir from which it may be ptunped for use. 

EQUATION OF PIPES. 

It is frequently desirable to know what ntunber of 
one-sized pipes will be equal in capacity to a single given 
pipe for delivery of steam, air, or water. At the same 
velocity of flow, two pipes deliver as the square of their 
internal diameters; but the same head will not produce 
the same velocity in pipes of different sizes or lengths, 
the difference being usually stated to vary as the square 
root of the fifth power of the diameters. The friction 
of a fluid within itself is very slight, and therefore the 
main resistance to flow is the friction upon the sides of 
the conduit. This extends to a limited distance, and is 
greater in proportion to the contents of a small pipe, 
than of a large one. In a given pipe it is equal, approxi- 
mately, to a constant, multiplied by the diameter, or 
the ratio of flow found by dividing some power of the 
diameter, by the diameter increased by a constant. 
Careful comparison of a large ntmiber of experiments by 
different investigators has developed the following as 
a close approximation to the relative flow in pipes of 
different sizes under similar conditions: 

Woe ^ 01 y 9 

€1 + 3.6 Vcl + 3.6 
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W being the weight of fluid delivered in a given time, 
and d being the internal diameter in inches. 

FLOW OF STEAM THROUGH PIPES. 

The approximate weight of any fluid which will flow 
in one minute through any given pipe with a given head 
or pressure may be found by the following formula: 



jfT^sr f^MEM^ 



L 



(■+¥) ' 



in which W — weight in pounds avoirdupois, d = diam- 
eter in inches, JD = density or weight per cubic foot, 
Px — the initial pressure, pf^ = pressure at end of pipe 
and L — the length in feet. 

The table on page 193 gives, approximately, the weight 
of steam per minute which will flow from various initial 
pressures, with one pound loss of pressure, through 
straight smooth pipes, each having a length of 240 times 
its own diameter. 

For sizes of pipe below 6 inches, the flow is calculated 
from the actual areas of '^ standard" pipe of nominal 
diameters. 

For horse power multiply the figures in the table by 2. 
For any other loss of pressure multiply by the square 
root of the given loss. For any other length of pipe 
divide 240 by the given length expressed in diameters, 
and multiply the figures in the table by the square root 
of this quotient, which will give the flow for i pound loss 
of pressure. Conversely, dividing the given length by 
240 will give the loss of pressure for the flow given in 
the table. 
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Diameter in inches. Length 240 diameters. 


Initial gage 


i 


I 


li 


2 


2i 


3 


4 


5 


6 


pressure. 




















Pounds per 




square inch. 


Weight of steam per minute, z pound pressure loss. 


I 


I.16 


2.07 


5.7 


10.27 


1545 


25.38 


46.85 


95^8 


115.9 


10 


1.44 


2.57 


i\ 


12.72 


19.15 


31.45 


58.05 


X 


20 


1.70 


3.02 


14.94 


22.49 


3^.94 


68.20 


1 12.6 


30 


I.91 


3.40 


94 


16.84 


25.35 


41.63 


tf 


126.9 


190.X 


40 


2.10 


3.74 


10.3 


18.51 


27.87 


45.77 


139.5 


209. 


§^ 


2.27 


4.04 


11.2 


20.01 


30.13 


49.48 


91.34 


150.8 


226. 


60 


2.43 


4.32 


11.9 


21.38 


32.2 


52.9 


97.6 


161.1 


241.5 
255.8 


IS 


2.57 


4.5« 


12.6 


22.7 


34.1 


56. 


103.4 
108.7 


170.7 


^'7} 


4.82 


13.3 


23.8 


35.87 


58.9 


179.5 


269. 


90 


2.83 


5.04 


13.9 


24.9 


37.5 


61.6 


"3.7 
1 18.5 


187.8 


281.4 


100 


2.95 


5.25 


14.5 


26. 


39.1 


64.2 


195.6 


203.1 



The loss of head» due to getting up the velocity, to the 
friction of the steam entering the pipe, and passing 
elbows and valves will reduce the flow given in the 
tables. The resistances at the opening and at a globe 
valve are each about the same as that for a length 
of pipe equal to 114 diameters divided by a number 
represented by i + (3.6 -^ diameter). For the sizes 
of pipes given in the table, these corresponding lengths 
are: 



Diameter in inches 


i 


I 


li 


2 


2i 


3 


4 


5 


6 


Equivalent pipe, 
length in feet 


20 


25 


34 


41 


47 


52 


60 


66 


71 



The resistance at an elbow is equal to two-thirds of 
that of a globe valve. These equivalents — for open- 
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ings, for elbows, and for valves — must be added in 
each instance to the actual length of pipe. Thus a 
4-inch pipe, 120 diameters (40 feet) long, with a globe 
valve and three elbows, would be equivalent to 120 + 
60 + 60 + (3 X 40) = 360 diameters ; and 360 ^ 240 = 15. 
It would, therefore, have 13 pounds loss of pressure at 
the flow given in the table, or deliver (ij^ VTj = 0.816) 
81.6 per cent of the steam with the same (i pound) loss 
of pressure. 

FLOW OF STEAM FROM A GIVEN ORIFICE. 

Steam of any pressure flowing through an opening 
into any other pressure, less than three-fifths of the 
initial pressure, has practically a constant velocity, 
888 feet per second, or a little over ten miles per minute; 
hence the amount discharged in pounds is proportionate 
to the weight or density of the steam. To ascertain 
the pounds, avoirdupois, discharged per minute, mul- 
tiply the area of opening in inches by 370 times the 
weight per cubic foot of the steam. 

Or the quantity discharged per minute may be ap- 
proximately found by Rankine's formula: 
IT = 6 op -^ 7, 

in which w = weight in pounds, a = area in square 
inches, and p = absolute pressure. The theoretical 
flow requires to be multiplied by a constant k = 0.93 
for a short pipe, or 0.63 for a thin opening, as in a plate, 
or a safety valve. 

Where the steam flows into a pressure more than 
two-thirds the pressure in the boiler, 

W = 1.9 ak V{p - O) O, 
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in which O = difference in pressure between the two 
sides, in pounds per square inch, and a, i», and h are 
as above. 

To reduce to horse power multiply by 2. 

Where a given horse power is required to flow through 
a given opening, to determine the necessary difference 
in pressure: 



2 V 4 



140^ k 



PACKING. 

Where two parts of a boiler, engine, or other steam 
apparatus are to be joined and are exposed to steam 
pressure, it is necessary that they be made steam-tight. 
In some instances this may be done by very careful 
facing of the parts, having them perfectly clean and 
bolted together absolutely true to each other. In the 
majority of cases, however, it is necessary to interpose 
some other material between the two surfaces in order 
to make an absolutely tight joint. Possibly the simplest 
form of pa^cMng is that employed where two pipes of 
ordinary size are screwed together, the threads having 
been coated by the fitter with a quantity of red lead 
which serves to fill any small openings that may exist 
between the thread surfaces when brought in contact 
with each other. In some instances where flat surfaces 
of considerable size are in contact, such as flanged 
couplings, small cylinder heads, etc., the surfaces having 
been carefully machined, a washer or ring of strong 
paper inserted between the two is sufficient to produce 
the desired effect. 
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Whenever a ring of this character, of considerable 
size and flexible material, is used for this purpose in 
steam work, it is called a gasket. Instead of paper a 
gasket of corrugated copper is often used. The copper 
is soft and when the bolts, are tightened, it forces the 
corrugations down and closes up all crevices. In case 
of extremely high pressure, a groove is turned in each 
of the opposing faces; in this is placed a wire of soft 
material, such as lead. For manholes in boilers, large 
cylinder heads, and in many cases for valve stems, 
piston-rods, etc., packing is made either in sheet form, 
to be cut as desired, or made to fit the stuffing box accu- 
rately. This may be of various materials, depending 
upon the conditions to which it is to be exposed. Tex- 
tile packings are also largely used. These are made of 
flax or hemp, or, with these as a base, in combination 
with asbestos and rubber. These will not, however, 
serve for high-pressure packings except in combination 
with asbestos on account of its higher resistance to 
heat. It is necessary to keep asbestos as dry as possible, 
as moisture will readily disintegrate and destroy it. 
One method of overcoming this trouble is to mix in 
rubber or to give it a coating of graphite and grease. 
One method of making packing is by alternating layers 
of rubber and asbestos thread, braided around a stiitable 
core. After thoroughly coating this with rubber, the 
operation is continued until the required size is ob- 
tained. Soapstone is sometimes employed to prevent 
moisture in asbestos packing; the principal objection 
to its use is that it is not a fibrous material. Metallic 
packings have been largely used, particularly on piston- 
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rods, in recent years. They are usually composed of 
babbitt or of similar anti-friction metals and are made 
in rings, so formed that when placed in the stuffing box 
and tightened they slip on and form closely around the 
piston-rod allowing it to move freely and yet prevent 
the passage of steam. In another case fibres or pellets 
of material are placed in small bags. These are coiled 
around the rod in position, the gland is screwed down, 
friction rapidly wears away the cloth covering and the 
material beds itself closely around the piston-rod. For 
hydraulic work packings are also made of rawhide and 
similar material not readily affected by water. When 
placing a packing in position, such as the gasket on an 
engine, it is necessary first to see that all metallic sur- 
faces are carefully scraped clean, that all bolt holes are 
carefully and cleanly cut, and that a coat of hard grease 
and graphite is rubbed on each side of the gasket. It 
is then placed in position and the various nuts tight- 
ened evenly by drawing up a little at a time on each one. 
Never draw up one nut or bolt tightly, leaving the others 
entirely loose. In the case of the packing of a ptunp, or 
cylinder head of a gas engine or any machine where, 
in addition to bolt holes, openings must be left for 
passage of water or Other liquids or gases, care must be 
taken to see that all of these are opened before attempt- 
ing to put the gasket into position. For gas engines, 
where the packing is exposed to extra heat and high 
pressure, a packing composed of asbestos fibres in 
combination with a wire gauze is now largely used. 
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HEAT AND COLD INSULATOBS. 

Since to insulate means to separate, heat and cold 
insulators are obviously intended to separate such 
bodies. This is a matter of vital importance in the 
plant, not only for convenience but from considerations 
of economy. If fuel is purchased and burned with the 
idea of producing heat which is in turn to produce work, 
it is not good policy to allow this heat to escape before 
its work has been done. 

For this reason it is necessary to cover all boilers, 
pipes, etc., that conduct steam, with such materials as 
will, to a considerable extent, prevent the condensing 
action due to the cooling effect of the atmosphere. 

Pipe coverings, like other things in the engineering 
lines, are of many kinds and a detailed consideration 
of each is not necessary. It may be mentioned, how- 
ever, that one of the principal methods of insulating 
pipes, in order to prevent condensation, is by covering 
them with an asbestos mixture. Asbestos is a rock of 
fibrous nature, found all over the world in various 
grades, the best for our purpose being obtained in 
Canada. It is readily separated into silky fibres. 
These are thoroughly mixed with a binding material, 
magnesia or other non-conductor of heat and placed 
upon the market in the form of sheets, bricks and 
tubes, and in pulverized form. 

The bricks are largely used to cover upper portions 
of boilers exposed to the air. The tubes, called pipe 
covering^ are placed over steam piping and held in posi- 
tion by a canvas coating pasted on the surface. 

The pulverized material, mixed with water, forms an 
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adhesive plaster, readily applied to surfaces of any 
shape. The sheet material, and sometimes paper as 
well, may be used by forming it into corrugations, or 
crumpling it in such manner that, when placed around 
the pipe, small quantities of air are caught in the corru- 
gations and, being unable to escape, form a non-con- 
ductor around the pipe. If these coverings will prevent 
the cold from condensing the steam they will also pre- 
vent the heat from being radiated throughout the sur- 
rounding space* 

Where pipes pass through the open air they are 
sometimes protected by building a wooden box around 
them which is filled with shavings and sawdust. The 
pipes may also be covered with some kind of felt. All 
of these substances serve similar purposes when prop- 
erly employed. 

There is a wide difference in the value of different 
substances for protection from radiation, their values 
vaiyiag nearly in the inverse ratio of their conducting 
power for heat, up to their ability to transmit as much 
heat as the surface of the pipe will radiate, after which 
they become detrimental^ rather than useful, as cover- 
ing. This point is reached nearly at the heat of baked 
clay or brick. 

Air space alone is one of the poorest of non-conductors, 
though the best owe their efficiency to the numerous 
minute air cells in their structure. This is best seen 
in the value of different forms of carbon, from cork 
charcoal to anthracite dust, the former being three times 
as valuable as the latter for this purpose, though in 
chemical constitution they are practically identical. 
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Any suitable substance used to prevent the escape of 
steam heat should not be less than one inch thick. 

The following table of the relative values of various 
substances for protection against radiation has been 
compiled from a variety of sources, principally from the 
experiments at the Massachusetts Institute of Tech- 
nology, and those of C. E. Emery, M. E. 

TABLE OF RELATIVE VALUES OF NON-CONDUCTING 

MATERIALS. 
Substance. Value. 

Mineral wool 68 to .83 

Carbonate magnesia 67 to .76 

Paper 50 to .74 

Sawdust 61 to .68 

Asbestos, paper 47 

Asbestos, fibrous .36 • 

Air space, undivided 14 to .22 

Baked day, brick .07 

A smooth or polished surface is of itself a good pro- 
tection, polished tin or Russia iron having a ratio, for 
radiationi of from 53 to 100 for cast iron. 

Hair or wool felt and most of the better non-conductors 
have the disadvantage of soon becoming charred from 
the heat of steam at high pressure, and sometimes of 
taking fire therefrom. 

Mineral wool, a fibrous material made from blast- 
furnace slag, is the best non-combustible covering, but 
it is quite brittle and liable to fall to powder where much 
jarring occurs* 
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QUESTIONS. 

z. What are pipes and tubing? 

2. How are they measured? 

3. What is a fitting? 

4. Sketch and describe several fittings. 

5. Describe a union. 

6. What is a valve? 

7. Sketch and describe a globe valve. 

8. Sketch and describe a check valve. 

9. Sketch and describe a gate valve. 

zo. Sketch and describe a reducing valve. 

11. Sketch a steam trap and describe its operation. 

12. What is a steam separator? 

13. What is a grease extractor and what is its use? 

14. How may the flow of steam through pipes be determined? 

15. What effect has friction on the flow? 

16. Give the rule for finding the flow of steam through a given 
opening. 

17. What is paddng and its use? 

z8. How may condensation of steam be prevented? 
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BOTABT ENGINES. 

Heretofore^ we have considered only the construction 
of the reciprocating engine. However, there is now 
being very largely used the rotary engine or turbine. 

Strange as it may seem, the turbine was the original 
form of steam engine, one of this kind having been 
operated as far back as 120 B.C., when Hero of Alexan- 
dria described such an apparatus, utilizing heat energy. 
But this type of engine was neglected, as far as com- 
mercial purposes were concerned, until recently, when 
the turbine was again taken up and put to practical use. 
The essential principle of the turbine consists of a 
wheel containing vanes or plates against which a column 
of steam is projected, causing it to rotate. We have 
already seen, in the reciprocating engine, how advantage 
is taken of the expansive power of steam. In the steam 
turbine the process is quite similar except that there 
is a constant, instead of an intermittent, flow and the 
rotation being continuous and in one direction there is 
no variation in the amounts of power developed at any 
point. The steam continuously forced into the nozzle 
by a pressure at the point of inlet and during its passage 
through the turbine expands continuously, on account of 
its internal energy, and hence a particle of steam pushes 
those ahead of it at a faster rate, thus increasing the 
velocity of the flow. In the turbine the steam is caused 
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to impinge upon the vanes by means of nozzles, com- 
pelling the wheel to rotate as a direct result of the im- 
pulse and reaction of the impinging jet. 

Impulse^ as generally understood, is a force acting 
in a forward direction, and reaction is the equal and 
opposite force. For example, in the diagrams in Fig. 81, 
at a, a jet of water impinges 09 a fiat plate and the force 
tending to push the plate away is entirely due to the 
impulse of the jet. 

Should we arrange the surface in a curved manner. 
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Fig. 81. 

as shown at &, the water on striking the surface will be 
ttuned backwards and the force acting on plate h will be 
greater than that on a, depending on the amount of 
backward inclination which occurs. 

Should we have a complete reversal of the original 
direction as at c, the force on the plate is practically 
twice as great as that at a, due to the combined effect 
of impulse and reaction. 

The principal distinction between the types of turbines 
is the fact of the expansion being completed within the 
nozzle in one case, and after passing into the wheel in 
the other. 
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As the expansion of the steam in an impulse turbine 
is completed within the nozzle, no expansion takes place 
in the wheel passages. 

• ))))) 




Fig. 82. 

The pressure of steam between the vanes is the same 
as the pressure within the casing in which the wheel 
runs. The moving element is thus driven first by the 
pressure due to the impulse and then by the reaction 
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of the steam. In the reaction turbine the expansion in 
the nozzle is only partial, therefore it expands still more 
in the wheel when it leaves the vanes as the result of 
the energy acquired in the wheel itself. 

In Fig. 82, at a, are illustrated the guide vanes and 
moving parts of an impulse turbine, while h illustrates 
similar diagrams of a reaction turbine. The moving and 
stationary parts are indicated by r and 8 respectively. 
These merely illustrate the principle and not the actual 
method of fastening in a turbine wheel. The two 
general classes, impulse and reaction, may be again 
subdivided into simple and compound. 

In a simple turbine the steam from the nozzle is 
directed against the vanes of a single wheel. It is often 
necessary, however, to avoid such high speed of rotation 
as would be obtained with this design and also to do 
away with the reducing gears. This is accomplished by 
using several wheels alternating with the stationary 
guide, as shown in Fig. 83. With this arrangement only 
part of the energy from the steam is imparted to each 
wheel, and a much lower speed is the result. In addi- 
tion, some compound turbines are divided into stages, 
that is, two or more wheels and guides are arranged in 
separate compartments. Each group is called a stage 
and the number of stages in any turbine will depend 
upon the subdivisions made. The advantages usually 
claimed for steam turbines are small floor space, close 
speed regulation, freedom from vibration, high economy 
under variable loads, small cost for maintenance and 
attendance. 

One of the early representative turbines was that of 
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Fig. 85. 

De Laval, originally designed in 1883 with the idea of 
operating a cream separator. It has since developed 
into engines used for greater powers. By use of the 
diverging nozzle, Fig. 84, he secured a complete adiabatic 
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ezpansion of the steam and a complete conversion of 
static into kinetic energy. 

The general construction of the De Laval steam 
turbine will be clearly understood from the sectional 
plan and elevation, Fig. 85. The construction of the 
turbine presents no extraordinary departure from every- 
day engineering practice. However, the workmanship 
and material used, owing to the high speed employed, 
must be of the very highest quality. In the figure, B is 
the turbine wheel mounted upon the slender flexible 
shaft A, and in such position relative to the wheel case 
as to revolve entirely free, liberal space being allowed 
on each side, as shown. The wheel case and the wheel- 
case cover are so shaped as to form safety hearings 
around the hub of the wheel for the purpose of catching 
and checking its speed in case of an accident to the shaft. 

The steam after passing through the governor valve. 
Fig. 86, enters the steam chamber D, Fig. 84, where it 
is distributed to the various nozzles. These, according 
to the size of the machine, number from i to 15. They 
are generally fitted with shutting off valves, E, Fig. 84, 
by which one or more nozzles can be cut out when the 
turbine is not loaded to its full capacity. This allows 
steam of boiler pressure to be almost always used, and 
adds to the economy on light loads. 

After passing through the nozzle, the steam, as else- 
where explained, is now completely expanded, and in 
blowing through the buckets F, Fig. 84, its kinetic energy 
is transferred to the turbine wheel. After performing 
its work the steam passes into the chamber H, Fig. 85, 
and out to the exhaust opening. 
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The velocity of the turbine wheel and shaft, in most 
cases too great for direct practical utilization, is con« 
siderably reduced by means of a pair of spiral gears, 
usually made ten to one. These gears are mounted and 



Fig. 86. 

enclosed in a gear case. In Fig. 85 J is the pinion 
made solid with the flexible shaft; 8 is the spiral gear 
which, with couplings M, connects with the dynamo, or 
is extended for pulleys. At O is placed the governor, 
held with a taper-shank in the end of the shaft L, and 
by means of the bell-crank L, Fig. 86, operates the 
governor valve. 
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The governor is shown in detail in Fig. 86. The two 
weights B, B are pivoted on the knife edges A with 
hardened pins bearing on the spring seat D. The 
governor body E fits the end of the shaft K. It is re- 
duced in diameter at its outer end and threaded for an 
adjusting nut. 

When the normal speed is exceeded, the weights 
spread apart and, pressing on the seat D, push the gover- 
nor pin G forward, cutting off part of the flow of steam. 

The flexible shaft is supported on three bearings. 
Fig. 85. Q and R are the pinion bearings and Z is the 
main shaft bearing which carries the greater part of 
the weight of the wheel. This latter bearing is self- 
aligning and is held to its seat by the spring and cap 
shown. T is the flexible bearing which is entirely free 
to oscillate with the shaft, and its only purpose is to 
prevent escape of steam when running non-condensing 
or to prevent air from entering the wheel case when 
the turbine is running condensing. All the bearings of 
the flexible shaft, as well as the gear wheel, are lubri- 
cated from the central oil reservoir, mounted upon the 
gear case; all other bearings are self-oiling. 

The gear wheels are made of solid cast steel, or of 
cast iron with steel rims pressed on. The teeth in two 
rows are set at an angle of 90 degrees to each other. 
This, while insuring smooth running, at the same time 
checks any tendency of the wheel and shaft to move 
lengthwise. Owing to the high speed of the gears and 
their perfect alignment the stress on the teeth is ex- 
tremely small. 

The flexible shaft is mainly supported on each side 
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of the pinion by the main bearings, Q and R, the shaft 
being at the same time made very slender^ which gives 
it a certain amount of flexibility and allows the turbine 
wheel, when the so-called critical speed is reached, to 
revolve around its true center of gravity. This critical 
speed, dependent upon the flexibility of the shaft, 
occurs well below the normal speed of the turbine and 
marks the disappearance of all vibrations. 

The turbine wheel is by far the most important part, 
and is made of forged nickel steel. In the smaller 
sizes the turbine wheels have a hole through the center 
and are forced upon a tapered sleeve shrunk on to the 
shaft. The larger wheels are made solid, with the 
shaft in two pieces screwed to the flanges of the wheels. 
The buckets are drop forged and made with a bulb 
shank fitted in slots milled in the rim of the wheel. By 
this method the buckets can easily be taken out and 
new ones inserted, should occasion require, without 
damage to the wheel. 

The vacuum valve is only necessary when running 
condensing, as in this case it has been found that the 
governor valve alone is unable to hold the speed of the 
turbine within the desirable narrow limit during sudden 
and great changes in the load. The function of the 
vacuum valve is as follows: 

The governor pin G, Fig. 86, actuates the plunger H 
screwed into the bell-crank L, however, without moving 
the plunger relative to said crank. This is on account 
of the spring M being stiffer than the spring N, whose 
purpose it is to keep the governor valve open and the 
plunger H in contact with the governor pin. When the 
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large part of the load is suddenly thrown off, the governor 
opens, pushing the bell-crank in the direction of the 
vacuum valve T. This closes the governor valve, which 
is completely shut off when the bell-crank is pushed so 
far forward that the screw O barely touches the valve 
stem J. If this is not sufficient to check the speed, the 
plunger H is pushed forward in the now stationary bell- 
crank and opens the vacutun valve. This allows the 
air to rush into the space P, where the turbine wheel 
revolves, effectually checking its speed. 

The Curtis steam turbine is interesting, due to the 
fact of being a vertical turbine, that is, one in which the 
wheel revolves horizontally, the central shaft being 
placed on end. Steam is admitted to the vanes or 
blades in a similar manner to the previous description, 
expanding to some extent, and passing through a set of 
blades, placed on a support, rotating on its center. 

It then passes through a set of stationary blades, 
after which it enters another set of moving vanes, in 
which more of its energy is given up. In Fig. 87 is 
shown the diagrammatic arrangement of the blades and 
nozzles. Steam is admitted through the valves at a, 
controlled by the governor, and passes into the nozzle &. 
Partial expansion takes place here, and the velocity is 
increased. Then striking the moving blades e it passes 
through them to the stationary blades <;, after leaving the 
last set of moving blades c, it exhausts into the atmos- 
phere if running non-condensing. Should the turbine 
be operated condensing, the steam will pass into another 
set of nozzles 6', through another ntmiber of fixed and 
movable blades, and then exhaust into a condenser at e. 
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The sets of stationary blades serve to change the 
direction of the steam, in order that it shall always strike 
the moving vanes in the same direction. Each of these 
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two sets of nozzles, moving vanes and stationary ones, 
forms a pressure stage as it is called. 

The turbines are made in from one to four pressure 
stages. 

The Parsons turbine is possibly one of the best ex- 
amples of the pressure type of turbines. In Fig. 88 is 
shown a section illustrating the principal parts of the 
machine. The main shaft A, resting in proper bearings, 
carries all of the revolving parts. At B, B', and B'' are 
shown three sets of blades of different sizes. The re- 
volving or rotating portion is called the rotor. The steam 
enters the turbine at boiler pressure through the valve 
H, and fills the chamber I, which extends around the 
rotor. From this chamber the steam expands through 
a set of stationary blades, so placed that the steam is 
made to strike the moving blades and cause them to 
rotate. The stationary and moving blades alternate 
in sets, forming a ring around the rotor. The velocity 
of the steam increases while passing through the sta- 
tionary blades and decreases on account of the energy 
which it gives up while passing through the moving 
blades. These blades are set in a radial position similar 
to the De Laval, but instead of only one set being used, 
a very large number is employed. The length of the 
blades in any one set is the same. In the first series 
they are comparatively short and close together, but 
their length and distance increase in the next series. 
This is to accommodate the expansion of steam, the 
volume of which gradually increases as it passes onward. 
After the steam has passed through the first series of 
blades, it enters the chamber J, from which it enters 
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the second series of blades B\ After passing through 
this series and out into the chamber E, it passes through 
the tliird series and exhausts into the chamber L, from 
whence it passes either to the atmosphere or to the con- 
denser. The pressure on turbines of this character, 
due to the flow of steam always in one direction, will 
produce a tendency to force the central shaft in the 
direction the steam is flowing. The considerable end 
thrust thus produced is compensated by the balance 
pistons My N, and O, these being of approximately the 
same diameter as the series of rotating vanes. Their 
surface is acted upon by the same amount of steam 
pressure, being connected by the passage U. They 
serve to equalize the tendency of the shaft to be pushed 
in one direction. Through the pipe P, connection is 
established with the chamber L, and access to the face 
of the piston O is thus provided for the exhaust steam 
in order to neutralize the pressure on both ends of the 
rotor. 

In some of the modem engines, two turbines are em- 
ployed rotating in the same direction but through which 
the steam passes in opposite directions so as to prevent 
the end thrust. 

At R is placed the governor which regulates the 
speed by acting on the steam admission valve H. When 
the turbine is overloaded, the governor also causes the 
valve S to open and admit steam at boiler pressure to 
the second series of blades. A relief valve T allows the 
steam to escape to the atmosphere when the exhaust 
pressure becomes excessive. In steam engines it is 
convenient to express the economy by the pounds of 
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steam consumed for an indicated H.P. per hour. In 
the turbine, as indicator cards cannot be taken, the 
economy is expressed in pounds of steam constmied per 
brake H.P. per hour. 

Turbine steam consumption is approximately equal 
to the best compound condensing steam engine, per- 
haps not quite equaling the best triple expansion of the 
ordinary type. 

QUESTIONS. 

1. What is a turbine engine? 

2. Give some advantages of these engines* 

3. How is the motion produced? 

4. How do impulse aud reaction differ? 

5. How is advantage taken of this in a turbine? 

6. Describe a De Laval turbine. 

7. Describe the action of a Curtis turbine. 

8. Describe a Parsons turbine. 

9. WhaC is a tY70-stage turbine? 



Digitized by VjOOQIC 



CHAPTER ZIX. 
INTERNAL COMBUSTION ENGINES. 

Attention has already been called to the fact of losses 
taking place in the ordinary plant largely due to radia- 
tion in the boilers, to the loss in transmission from the 
boiler through the pipes leading to the engine, and in 
the engine itself. All of these imply that considerable 
space is required for the apparatus employed in produc- 
ing the power. In an internal combustion engine, fuel 
is introduced directiy to the cylinder where its power is 
to be developed, and is consumed therein. 

These engines are built in sizes ranging from i H.P. 
to 2000 H.P., and various fuels are used to provide the 
power. While they are generally known as explosion 
engines, this term is not quite correct, as the explosion 
is merely apparent; it is, in fact, rapid combustion. 
The fuel, having been introduced into the cylinder and 
placed under compression, is ignited; the combustion 
produces rapid expansion, so rapid that the effect is 
similar to that of an explosion. Fuels used for this 
purpose may be liquid or gaseous in their commercial 
form, but require to be changed into a gas on admission 
to the engine cylinder. They are pi:incipally gas, such 
as the ordinary illuminating gas, gasoline or naphtha, 
kerosene, denatured alcohol and blast-furnace gases. 
All of these contain a large amount of carbon, which, 
when mixed with a proper amount of oxygen, produce 

218 
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rapid combustion. The presence of oxygen and its 
thorough mixture with the fuel gas is absolutely neces- 
sary to produce complete combustion. Such a com- 
bination produces intense heat. The theoretical heat 
value is never obtained in the cylinder, because there 
are always present quantities of certain other material in 
the fuels which are not readily consumed, and which 
absorb a considerable amount of the heat of combustion. 

Water gas, used as a fuel, is a mixture of carbon mon- 
oxide and hydrogen. In producing it steam is brought 
in contact with incandescent carbon in the form of coal 
or coke; the steam is decomposed, the hydrogen being 
separated from the oxygen. The oxygen takes up car- 
bon from the coal and forms carbon monoxide with a 
small percentage of carbon dioxide. 

These gases chemically separate, but mechanically 
mixed, form what is called carbureted water gas. 

Oil gas is made in a manner similar to the coal gas, 
by heating the oil to a very high temperature, and caus- 
ing the heavy hydrocarbon it contains to break up into 
gaseous forms. Petroleum is largely employed for this 
purpose. 

Isolated or self-contained plants, that is, those which 
manufacture their own fuel, generally use producer gas. 

There are two types of producTers, known as suction and 
pressure producers, based upon whether the movement 
of the gas through the producer during its formation is 
obtained by the suction of the engine in operation, or 
by means of a pressure apparatus pumping the gas 
through the producer. The process consists of passing 
a mixture of air and steam through a bed of burning 
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coal or similar fuel in a vessel called the generator. 
The combustion of this fuel takes place in the lower 
part of the vessel and generates carbon dioxide. The 
larger part of this is decomposed while passing through 
the bed of heated carbon, forming carbon monoxide. 
Steam entering the upper portion of the producer is 
decomposed, on account of the high temperature, into 
hydrogen and oxygen. The two operations absorb con- 
siderable heat, so that the combined results tend to 
effect a balance of temperature more or less controllable 
through variation of the amounts of steam supply. It 
is then allowed to pass on through the producer where 
it is cleaned, washed, and supplied to the engine. 

The general appearance of a suction gas producer is 
given in Fig. 89, in which the evaporator for supplying 
the necessary moisture to the air is mounted directly 
above the producer shell. The apparatus consists of 
the producer a, with a cast-iron shell; the hand-operated 
blower &, for reviving the fire after a shut-down over 
night; the evaporator c; the hopper d\ the water trap 
e\ the water-seal box /; the scrubber g\ and the gas 
tank or reservoir h. At each suction stroke of the 
engine air is drawn into the top of the evaporator c, 
through the elbow i, which is open to the atmosphere. 
The evaporator is filled with water from a branch pipe 
taken from the main supply pipe and kept at a constant 
level by an overflow pipe, not shown in the iUustration, 
that carries any surplus supply to the ash-pit j. The 
water in the evaporator is heated to about 170^ F., by 
radiation from the burning fuel and by the hot gases 
that leave the producer through the port k. 
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The air, passing over the surface of the hot water, 
absorbs a quantity of vapor, depending on the tempera- 
ture of the water; so that the quantity of the water 
vapor admitted with the air through the pipe ;, to the 
space below the grate, is greater when the fire is hot 



Fig. 89. 

than when it is low. The fire is hottest, of course, 
when the engine is carrying a heavy load. Under a 
heavy load, not only does the increase in the amount of 
vapor enrich the quality of the gas generated, but the 
moistened air also has a correspondingly greater cooling 
effect on the grate and tends to keep the fire at a proper 
degree of intensity. 
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After entering the ash-pit below the grate, the mixture 
of air and steam is drawn upwards through the hot bed of 
fuel, where the steam is decomposed into hydrogen and 
oxygen, and the formation of carbon monoxide takes 
place. After transferring a portion of its heat to the 
water in the evaporator, the gas leaves the producer 
through the port A;, passes through the water trap e, and 
enters the scrubber at the bottom. The water trap has 
two pipe connections to the water seal-box /, the lower 
pipe being provided with a valve m. While the plant 
is in operation, this valve is opened and the water that 
accumulates in the bottom of the scrubber flows through 
the lower connection to the seal-box /, and thence 
through an overflow pipe n to the sewer. When the 
plant is shut down, the valve m should be closed, thus 
causing the water in the trap e to rise well above the 
lower end of the partition wall o. This closes the gas 
connection between the producer and the engine. Any 
excess of water then flowing to the seal-box passes 
through the upper pipe attached to the trap 6, and thence 
to the sewer. 

While the gas is rising through the coarse coke in the 
scrubber ^, it is met by a descending stream of cold 
water which is distributed evenly over the area of the 
scrubber by means of the sprinkler i>, attached to the 
top cover-plate. In this manner, the gas, from which 
some of its impurities have been removed while passing 
through the trap 6, is now cooled and washed sufficiently 
to be delivered to the gas tank h^ in such condition that 
it contains no tarry or dusty substances to interfere with 
the successful running of the engine. 
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Fuel is supplied to the producer through the charging 
device mounted above the hopper <i, which consists of 
the funnel a?, and a smooth hollow ball s^ that can be 
turned on its round seat by the hand lever r. The ball 
has an opening at the top, so that it may be filled with 
coal through the funnel, after which it is turned over 
by a quick movement of the hand lever, bringing the 
opening in the ball in communication with the coal space 
in the hopper d. As soon as the ball has thus been 
emptied of its contents, it is turned back and the opera- 
tions of filling and emptsring are repeated until the 
hopper is filled to the desired height. When not in use 
for filling the producer, the ball is held tightly on its 
seat with screws and hand-nuts. The quick turning 
of the ball leaves but a small fraction of a second, during 
which the hopper is opened to the atmosphere, and prac- 
tically no air is admitted to the producer at that point. 

The removal of clinkers that form in the fire space 
of the producer is facilitated by poke holes, with which 
the hopper is provided, that permit the fire to be stirred 
from above with suitable poking rods. The clinkers 
descend to the grate and are removed through the fire 
door e, on the side of the cast-iron shell of the producer, 
while the ashes accumulating in the pit below the grate 
are drawn out through the ash door u. 

The hand-operated blower 6 serves to supply the 
blast necessary to start up the fire after the plant has 
been shut down for any length of time, as over night. 
During such a temporary shut-down, the process of gas 
making is practically stopped, except for the small 
amount of gas generated by the natural draft caused 
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by the flue pipe v^ being kept open to the atmosphere by 
opening the flue valve w. While reviving the fire, the 
valve Wj as well as a valve connected to the pipe y is 
kept open until the gas is of such quality as to bum 
with a bright blue flame, when the valves are closed and 
the engine is started in the usual manner. To secure 
prompt starting, it is found advisable to keep the valve 
in the vent pipe open to the atmosphere until a few 
explosions have taken place in the engine cylinder, and 
then close it. 

Denatured alcohol, which is coming into use as a 
commercial fuel, is alcohol which has been rendered 
unfit for drinking by the addition of poisonous ingredi- 
ents, such as wood alcohol and sometimes coloring 
matter. As compared with the better knowd fueL 
gasoline, the combustion of alcohol is much more 
complete. The inflammability of the alcohol mixture 
is much lower, due, without doubt, to the presence of 
water in the alcohol which is vaporized with it and must 
be converted into steam at the expense of combustion. 
For the above reason the compression of an alcoholic 
mixture is higher than that permissible with a gasoline 
mixture without danger of spontaneous combustion. 

Internal combustion engines are all similar in con- 
struction and principle but varying in detail according 
to the work which they are to perform, the condition 
under which they are to be used, and possibly with the 
fuel which they are to employ. 

The following description of the construction and 
principles of operation of gasolene engines wQl serve^ 
therefore, for all. 
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It will be noted, from Fig. 90, that there are two or 
three essential points in which these differ from steam 
engines. In the first place the absence of the cross 
head and connecting rod will be noted. With the ex- 
ception of some of the larger gas engines, the internal 
combustion engines are single acting, that is, the pres- 
sure is exerted on one side of the piston only. This 
enables us to pivot the connecting rod directly to the 
piston py by means of the piston pin hy thus shortening 
the engine to a considerable extent. The lower cast- 
ings c, forming the crank case, act also as a support for 
the shaft bearings r. The piston, at the upper portion 
of its stroke, does not come as close to the head of the 
cylinder as in the case of the steam engine. This large 
clearance space is called the compression space. Its 
use wiU be seen later. The valves employ springs for 
closing, while they are opened by the cams nn^ geared 
to the crank shaft. Some means for cooling the cylinder 
must be employed, on account of the very high tem- 
peratures developed by the combustion of the fuel. 
The spaces ii are a portion of the water jacket for 
cooling purposes. At ee may be inserted the ignition 
devices, and at g is the inlet valve, while g' is the ex- 
haust. These engines are operated on what are called 
the two- or four-cycle principles. Other cycles have 
been introduced but are not yet generally employed. 
The four-part or Otto cycle, commonly called four-cycle 
engine, operates as follows: In Fig. 91 is shown the 
diagram of the engine in four positions. First, the 
piston is at the upper end of the cylinder, the crank 
shaft rotating in the direction shown by the arrow, thus 
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Fig. 90. 
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causing a partial vacuum to be produced in the cylinder. 
The inlet valve i is opened either automatically^ due to 
the pressure of the atmosphere being greater than that 
of the partial vacuum in the cylinder, or mechanically 
by means of cams placed on a suitably connected shaft, 
as shown, and fuel in the form of a gas mixed with air 
enters the cylinder of the engine. At the end of this 
stroke the inlet valve has been closed by means of the 
spring on the valve stem. This constitutes the first 
part of the cycle. In the second part, the piston returns 
to its original position during the second stroke and both 
valves being closed the fuel cannot escape; as the piston 
rises the gas is compressed in the cylinder of the engine. 
As compression produces heat, a point can be reached 
where the gas wQl ignite due to this heat. The engine 
is designed to produce a pressure as near this point as 
possible with safety. This stroke,, which is called the 
compression stroke, forms the second part of the cycle 
and also completes one revolution of the crank shaft. 

As the crank passes the dead center and the piston 
is ready to move on the third stroke, the gases are ignited 
at a, and begin to bum and expand with great rapidity. 
The piston is forced outward with considerable power. 
The initial pressure generated in this case frequently 
rises as high as 350 pounds per square inch. 

The piston now moves forward under the impulse of 
this pressure, the expansion taking place until the end of 
the stroke. The third part of the cycle is completed 
when the fourth and last part begins, by the opening of 
the exhaust valve e, allowing the gases to escape to the 
outer air. At the end of this f otirth stroke, completing 
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the second entire revolution, the conditions arrive at 
the same point as they were at the beginning, and are 
then repeated. We have now completed an entire 
cycle of operation, by which is meant the going through 
of a certain number of definite 
actions in succession and then 
repeating them in exactiy the 
same order. 

Whereas our four-part cycle 
has required two complete rev- 
olutions of the crank shaft 
and four strokes of the piston, **" 
namely: the inlet or suction 
stroke, the compression stroke, 
the combustion or power stroke 
and the exhaust or scavenging 
stroke; a two-cycle engine has 
a power stroke at every rev- 
olution. In this case the gas, 
instead of entering and leav- 
ing the cylinder of the engine 
through valves operated as pre- 
viously described, enters first 
the crank chamber c (Fig. 92) 
through the inlet i. On the upward stroke of the piston, 
a partial vacuum is formed in the crank chamber or case. 
The gases flow into and fill this space. When the 
piston has reached the upper part of its stroke and com- 
pressed a certain quantity of gas ready for ignition, as 
in the previous case, we will ignite this and produce the 
power stroke, forcing the piston down towards the bot- 




Fig. 92. 
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torn of the cylinder. The movement of the piston com- 
presses the gas drawn into the crank case to a slight 
extent, perhaps some six or eight pounds per square 
inch. When the piston reaches nearly the end of the 
stroke, opening o, in the side wall of the cylinder, is 
uncovered. This opening communicates directly to the 
atmosphere and through it the burnt gases which have 
been producing the power make their escape. At ap- 
proximately the same time the piston imc0vers a similar 
opening o' in the opposite side of the cylinder. This 
opening connects, by the port e, with the crank case, in 
which is the fresh supply of gas at a low pressure. This 
gas, being released by the uncovering of the port, im- 
mediately rushes through into the cylinder of the engine. 
In order to prevent any tendency for it to pass across 
the cylinder and out through the port o, the plate p^ 
called a baffle plate, is placed upon the piston head, 
which changes the direction of flow of the incoming 
gases, forcing them up toward the top of the cylinder, 
and thus allowing time for the greater portion of the 
exhaust gases to make their escape before the fresh 
charge can reach the port o. This completes the first 
stroke and first part of the cycle. On the return stroke 
both port openings are closed by the piston, compression 
takes place above the piston, a slight vacuum is pro- 
duced below it, drawing in a fresh amount of gas to the 
crank case and, upon reaching the top of this stroke, 
ignition takes place, and the cycle of operation is con- 
tinued. Therefore, in the two-cycle engine we have 
but one revolution and two strokes per cycle. 
It will be borne in mind that in both of these engines 
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the power is intermittent, being exerted in the one case 
on every fourth stroke and in the other case on every 
alternate stroke. Evidently, then, the engine must tend 
to slow down between each of these points, and if some 
means were not devised for storing the energy of the 
power stroke, the action of the engine would be very 
irregular. Therefore, these engines, even more than 
the steam engine, require to be supplied with a fly-wheel, 
within which a part of the energy of the power stroke is 
stored and which returns some of this power, due to the 
momentum of the heavy fly-wheel, during the other 
strokes. 

Mention has been made of the fact that the fuels 
must be suppUed to these engines in the form of a 
gas which is mixed with a proper amoimt of air. This 
is done by means of a mixing valve or carburetor. 
The principle of the operation of the carburetor is as 
follows: 

From a supply tank or reservoir of the liquid fuel 
(Fig. 93), a pipe v leads to the reservoir c, forming part 
of the carburetor. The liquid would drop from pipe v 
into the reservoir c, through the opening closed by the 
ball or needle valve d. In the reservoir c is placed a 
float a, either of cork or of metal, and as the liquid rises 
the float likewise rises, carrying with it the rod to which 
is fastened the valve cf, so that when the float has 
reached a previously determined point, which point may 
be changed by varying the position of the float on the 
vertical rod, the valve is then closed and kept so by the 
pressure exerted on the float by the liquid. 

The float is usually so adjusted that when the valve 
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d is closedi the level of the liquid will be about ^ of an 
inch below the opening of the nozzle z. Surrounding the 
nozzle will be a pipe connecting at / with the cylinder of 
the engine. At the other end g it is open to the air. 
The pipe at the point where it surrounds the nozzle will 
probably be constricted, in order to increase the speed 
of the air traveling through it at that point. The pipe 



Fig. 93. 

at g is partially closed by a light disc held in position 
by the spring h. This disc has several small holes in it, 
so that some air may pass through, even though the disc 
be upon its seat. At i the threaded stem of a needle 
valve regulates the amount of opening of the nozzle. 
If now the engine is turned and a partial vacuum pro- 
duced in the cylinder^ when the inlet valve opens con- 
nection is made to the carburetor at / and a rush of 
air into the cylinder takes place along the pipe from the 
point g* In going past the nozzle the velocity of the aif 
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produces a partial vacuum which is immediately filled 
with the liquid from the reservoir c. The few drops of 
fuel mixing with the air are then carried up into the 
cylinder and on the way are thoroughly mixed, either 
naturally or by means of obstructions, such as strainers, 
put in its path to break up the Uquid particles, also by 
the spraying action taking place at the nozzle. Upon 
reaching the cylinder it is in the form of a thoroughly 
mixed and combustible gas. 

As the speed of the engine increases and a greater 
quantity of air is required to form a proper mixture, the 
increased suction, pulling on the perforated disc at ^, 
overcomes the pressure of the spring h^ lifts the disc and 
allows a greater quantity of air to enter through the holes 
on the side which connect with those leading to the 
atmosphere when the disc is lifted. 

A suitable valve, or similar arrangement, in the main 
pipe at A:, called the throttle, enables the amoimt of the 
mixture supplied to the engine to be readily controlled. 
Should the mixture be incorrect, in that either too much 
air or too much fuel is supplied, the result will be the 
same as regards the inability to supply the power de- 
manded, because in either case complete combustion 
cannot take place. 

In the case of oil engines employing kerosene or fuel 
oils, they are ignited under pressure in a highly heated 
compression chamber which has previously been sup- 
plied with the required amoimt of air, and which is 
carefully maintained at a temperature sufficiently high to 
vaporize and ignite the oil when injected into the com- 
pression space. The oil engine known as the American 
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Diesel operates on this principle. There are two dis- 
tinct characteristics of the Diesel engine. First, — 
During the compression stroke, the cylinder contains 
air only, admitted during the suction stroke and then 
compressed to such a degree that the resulting tem- 
perature reaches a point amply sufficient to bum any 
Uquid fuel injected into it. 

Second, — There is not, properly speaking, an ex- 
plosion, such as takes place in the ordinary internal- 
combustion engine; but the fuel is burned as it is 
introduced into the compressed air, and does not in- 
crease in temperature due to compression. 

As previously noticed internal-combustion engines 
require to be cooled in some manner in order to obtain 
efficient operation. This is done either by radiation 
directiy through metallic portions of the cylinder to the 
air, or by means of water. In a water-cooled engine, 
the cylinder and compression spaces, containing also the 
valves, are surrounded by a space called the water 
jacket, through which a constant flow of water is main- 
tained, either mechanically or by means of a pump, or 
naturally by thermo-siphon principle. An important 
part of the cooling system is the radiator, composed 
preferably of copper tubes, provided with large flanges, 
in order to present as great a surface to the surrounding 
air as possible. The hot water being compelled to flow 
through this radiator gives up its heat to the copper 
pipes, which, in turn, transfer it to the atmosphere. 

In the air-cooled type, which is not suited to stationary 
work, the cylinder casting is provided with a number of 
wide ribs, or else there are added to it a number of 
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ribs or pins of copper, firmly imbedded in the cylinder 
castings, for the purpose of radiating the heat. In this 
type, as well as occasionally in the water-cooled type, 
cooUng is assisted by a blast of air forced against and 
around the cylinder and radiators by means of a large 
fan belted to the shaft of the engine. 

The ignition of the fuel at the proper moment may be 
obtained in several ways: by heated gases and plates, 
as in the oil engines; by an open flame or heated tubes, 
as in many stationary engines; or by an electric spark, 
as is usually the case in engines employed to operate 
moving vehicles and in many stationary engines. The 
spark may occur in two ways: In the make- and break- 
type where the spark is produced on the opening of a 
closed electric circuit, or by the jump-spark method in 
which a high tension current leaps the space between 
two stationary points placed in the compression space. 
In either case the result is to ignite the gases. The 
current for the spark may be supplied from batteries, 
magnetos, or dynamos, operating on either low-tension 
or high-tension systems. The former is ordinarily em- 
ployed in the make- and break-system. In this case, the 
primary current passing through a spark coil, in order 
to intensify it, ends in two points projecting into the 
compression space and in contact with each other. One 
point being movable, its amount, rapidity and time of 
movement is controlled by a cam placed on a rod outside 
of the cylinder, and in the control of the engine operator. 
In the case of the jump spark, a low-tension current 
produced by batteries, low-tension magneto or dynamo, 
is passed through the primary of an induction coil, pro- 
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ducing a high-tension current in the secondary of the 
spark coil. This high-tension current, or a high-tension 
current from a suitable magneto, may be employed. In 
either case it is led to two terminals in the form of a 

plug (Fig. 94). One side of 
the circuit being led to the 
terminal a, the other being 
grounded at some portion of 
the engine frame, forms, by 
means of the outer case of 
the plug itself, a terminal b; 
across the space between these 
two, the high-tension current 
leaps, producing the spark. 
The two terminals are insu- 
lated by a non-conductor c, 
formed of glass, mica or highly 
glazed porcelain. In engines 
of one cylinder the contact 
which closes the primary cir- 
cuit may be closed by a simple 
cam and spring. In engines 
having two or more cylin- 
ders, an apparatus called the 
'^•^* "timer" is employed, the 

principle of which is illustrated in Fig. 95. One side 
of the circuit leading from the hatteries is grounded to 
the portion a, and sweeps around, making contact with 
the points b and b\ thus closing the circuit through the 
induction coils on these particular cylinders, and produc- 
ing the spark. 
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The time of spark production may be varied at will 
by the engine operator who controls the positions of the 
plate carrying the two or more contact points b and &', 
closing the individual circuit. Should the spark be 
retarded, that is, take place after the piston has ad- 
vanced some distance along the stroke, the gases would 
already have expanded to a considerable extent, less 
initial pressure would result and the engine would 
run more slowly. To speed up the engine, the spark 
is advanced, that is, 
brought to a point 
where it will occur at 
the instant the piston 
passes the dead cen- 
ter and begins to re- 
turn on the previous 
stroke, thereby tak- 
ing the fullest advan- 
tage of the compres- 
sion of the gases. 

Fig. 05. 

The amount and 

quality of the mixture supplied will determine the power 
delivered by the engine. Too great a quantity of the 
fuel will cause a deposit of carbon to coat the cylinder 
at the compression space and the plug. This may ac- 
cumulate in the form of small projections which will be- 
come highly heated and ignite the gas before the desired 
point is reached, or may cause the engine to continue 
running after the igniting current has been shut off. It 
may also short circuit the plugs, thus providing an easier 
path for the current and aconsequent missing of the spark. 
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On account of their higher pressure, the passage of 
the exhaust gases to the atmosphere produces an objec- 
tionable noise. This may be overcome by allowing them 
first to enter the chamber called the muffler in which 
they may gradually expand until a pressure more nearly 
that of the atmosphere is reached. They may then pass 
to the air in comparative silence. 

Gas engine valves are made either with flat or an- 
gular spaces, fitting a similar seat, both seat and disc 
being ground together in order that there may be no 
possibility of leakage when the valve is closed. The 
seat is sometimes a portion of the cylinder casting, and 
sometimes a separate piece of metal which may be 
bodily removed with its valve from the engine in order 
to facilitate regrinding. This retaining casting is called 
a valve cage. Valves are brought to their seats by 
means of springs which hold them firmly in position and 
enable them to close quickly. 

Stress has previously been laid upon the importance 
of having a correct mixture. A little thought will show 
that where the wear occurs, due to the valve stem 
passing through the cylinder casting, a leakage of air 
will also occur, sooner or later, which will interfere 
with the quality of the mixture. This has recently 
been overcome by the addition of a little attachment 
in the form of a collar placed on the valve stem and 
retained in position by a slight auxiliary spring. The 
opening through which the stem passes is beveled to 
fit a similar bevel on the attachment which may be 
so arranged as to close in on the stem and compensate 
lor wear. As a result, this point is kept tight and an 
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improvement in regulation and efficiency of the engine 
is obtained. 

As previously mentioned, some valves may be opened 
by the atmospheric pressure overcoming the lower 
pressure which is produced by the partial vacuum in the 
engine cylinder. Others mechanically open and close 
by cams placed on a shaft, or sometimes a separate shaft 
is provided for the inlet and exhaust valves. This shaft 
is geared to the crank shaft in the ratio of 2 to i. It 
will also be observed in the description of the two- 
cycle engine that there are no valves in an engine of 
this type. In consequence of which it is much simpler, 
and does not require many of the adjustments of the 
four-cycle engine. In setting the valve cams, excellent 
results may be obtained by adjusting them so that the 
inlet valve begins to open when the crank or, as it is 
sometimes called, the throw of the crank shaft has 
traveled about lo'' on the suction stroke. 

The first five or six degrees of movement of the 
crank being almost at right angles to the line of action 
of the piston, it will produce no appreciable movement 
of the piston. By opening the valve, therefore, a short 
distance after center, a slight vacuum will be formed, 
and the supply of fuel will start to enter the cylinder 
with greater speed, which is a decided advantage. The 
exhaust valve may open fifteen or twenty degrees before 
the end of the power stroke and close at the center or 
five degrees after the end of the exhaust stroke. This 
will facilitate the emptsring of the cylinder of almost the 
entire amount of burnt gases. These engines are made 
with varjdng numbers of cylinders, both to gain power 
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and to prevent vibration and strain upon the crank 
shaft. In Fig. 96 are several diagrams illustrating this 
point; those on the left may be called theoretical work 
diagrams and are divided into four vertical columns, 
representing the four strokes of the cycle. Horizontally 
each diagram consists of two colunms, the shaded areas 
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Fig. 96. 

of the upper representing work done on the piston in 
propelling it forward and doing external work. The 
shaded part of the lower colunm is work done during 
compression and might be called negative work. 

If the fuel is ignited with the engine at rest, the force 
of ezpaiision will produce considerable strain on the 
shaft, while if the shaft is moving at a sufficiently high 
speed the shock will not be of an appreciable amoimt. 

The shock or impulse diagrams on the right illustrate 
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this when ignition takes place during one or more strokes, 
as shown on the left. 

No. I is for a single-cylinder engine, ignition taking 
place on the first stroke during which maximum speed 
is produced. During the next two strokes nothing is 
being produced, and during the last portion the engine 
is slowing down and a small amoimt of work is being 
done. 

Then comes the force and shock of the next ignition, 
striking the piston and crank shaft, which are almost at 
rest, a hammer blow, which produces a strain of great 
amount on the shaft. 

The diagram to the right (Fig. 96) would serve to 
indicate what we might call the shock or impulse diagram 
in this case. If two cylinders are employed, they may 
be placed side by side as in the twin engine a (Fig. 97), 
or opposite each other as in the opposed engine &. 

In the first case, when the power stroke of one cylinder 
occurs, momentum is imparted to the fly-wheel, as will 
be seen by reference to diagram 2 (Fig. 96) ; when that 
stroke is completed and the engine is still in rapid 
motion, the second ignition occurs, delivering its power 
not with such a sudden shock, but adding simply to the 
impetus already acquired by the heavy moving parts. 
This advantage, to some extent, lasts during the next 
two strokes, where conditions somewhat similar to that 
of the single-cylinder engine occur, as are shown by the 
diagrams, but not to such an extent as in the first case, 
because there is not quite so much opportunity to slow 
down as where only one cylinder is employed. 

With such an engine, if the course of the cycle be 
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carefully followed out, it will be seen that it is impossible 
to separate the moments of ignition by a stroke during 
which no ignition occurs, see a (Fig. 97). 

In the two-cylinder opposed engine, as illustrated at 
h (Fig. 97), this may be done, and when ignition occurs 




Fig. 97. 

on the first or power stroke of cylinder o, the piston in 
cylinder e is on the suction stroke. On the second 
stroke of cylinder o, when it is exhausting, cylinder e 
is compressing. On the third stroke, cylinder o is 
drawing in the gas, cylinder e is on its power stroke, and 
on the last stroke cylinder o is compressing and cylinder 
e is exhausting. Therefore, as will be seen from the 
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impulse diagram (No. 3, Fig. 96) on the right, the power 
strokes occur alternately, or one during each revolution. 
In the meantime the engine has not had an opportunity 
to slow down to any appreciable extent. In consequence 
of which, the shocks are less wearing on the machine, 
and the vibration is far less than in the previous cases. 

1 a 3 




Fig. 98. 

If, now, the engine be equipped with four cylinders 
(Fig. 98), we will have an engine similar in results to 
two opposed engines and on each stroke we will have a 
power impulse and compression; therefore, the impulse 
diagram will read as shown in (No. 4, Fig. 96), or prac- 
tically a continuous turning movement is the result. 
The firing order of the cylinders in such an engine, read- 
ing from the left, might be arranged in the following 
order: Cylinders i, 2, 4, and 3. 

Engines are sometimes constructed with three cylin- 
ders, enabling the cranks to be placed at an angle of 
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120'' to each other, with the idea of relieving the strain 
on the crank shaft. This is an excellent method for 
obtaining the desired results, but probably not as satis- 
factory as where four cylinders are employed. 

In order to determine to some extent the horse power 
developed by a four-cycle gasoline engine the following 
formula may be employed: 

0.7S54X€fiXPXeXLXXXn j^^ 
2 X 12 X 33>ooo 

n = the number of cylinders. 
X = the revolutions per minute. 
X = the stroke in inches. 
r = the M.E.P. during the power stroke. 
e = the efficiency factor. 

The values of I* and e, are not always readily deter- 
mined with the means ordinarily at hand but may in a 
good engine be assumed to be respectively 70 pounds 
for 1*, and 0.75 for e. 

We have, therefore, practically the same formula as 
that used in calculating the horse power of a steam 
engine. 

This formula applies when the engine is nmning at its 
best speed for developing power; that is, about 800 revo- 
lutions for a motor of six-inch stroke, or 1200 revolutions 
for one of four-inch stroke. 

However, owing to the many different and varying 
conditions developed in gas-engine operation no thor- 
oughly satisfactory rule meeting all conditions has yet 
been developed. The Association of Automobile Manu- 
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facturers has adopted the following formula based on 
a piston speed of 1000 feet per minute. 

-_ _. <f* X No. cylinders 

ll.ir. = 1 • 

Several diagrams illustrating methods of wiring for 
jump-spark ignition purposes are shown in Fig. 99. 
The simplest form is that used with a single-cylinder 
engine employing a battery as the source of current 
supply, and an induction coil to produce the high- 
tension current. This method is shown in Diagram 
No. I. When the switch is closed, current from the 
battery will flow through the primary circuit ^9 through 
the coil C to the ground connection G^ thence along the 
engine frame as indicated by the dotted lines to the 
timer shaft Of whenever the circuit is completed by 
the roller :r touching the contact block B. 

The induced current flows through the secondary 
circuit 89 through the plug, and completes its circuit 
through the ground and a part of the primary circuit, 
as indicated on the diagram. 

A diagram for a four-cylinder engine with four coils 
is shown by No. 2. The timer has four contact-blocks, 
Nos. I, 2, 3, 4, each being connected to a coil, each 
coil being in turn connected to a spark plug in one of 
the cylinders. The timer is so connected that ignition 
will be produced in the cylinders in proper order as 
previously explained. 

In such cases two sets of batteries are usually car- 
ried, and either one may be used by means of the 
switch shown. 
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Where a magneto is used to produce the spark an 
auxiliary battery is frequently employed to facilitate 
starting the engine. Diagram No. 3 shows a method 
of wiring for this purpose. 

With the switch on the battery side the primary 
current energizes the coil and passes through the in- 
terrupter of the magneto, to which it is connected at I. 
The distributor of the magneto I> serves to deliver the 
secondary current to the proper plug. When the engine 
is running the switch is thrown to the magneto side 
and the battery is cut out. 

QUESTIONS. 

1. What is the principle of operation of an internal-combustion 
engine? 

2. Describe the four-part cycle. 

3. Describe the two-part cycle. 

4. Wherein does this type of engine differ from a steam en- 
gine? 

5. What is a carburetter? Describe it 

6. What is the cooling system? 

7. Why are multi-cylinder engines preferable? 

8. How are the valves operated? 

9. What is a gas producer? 
10. Describe its operation. 
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CHAPTER XX. 
LUBRICATION. 

When a piece of material is caused to slide over an- 
otheri a certain amount of work is required to overcome 
the friction between the pieces. If these are moved 
with considerable speed heat will be produced. Should 
one of them be practically encircled by the other, as is 
the case of a shaft rotating in its bearings, the heat may 
cause sufficient expansion of the inner portion to make 
them bind closely together, thus requiring more work 
to move them, or perhaps requiring so much power to 
move them that it is entirely beyond the ability of the 
machine to do so, and it stops. 

The normal friction, that is, friction due to ordinary 
causes, will be increased, depending on the diameter of 
the revolving shaft, on the weight placed upon it and 
upon the speed at which it revolves. The smoother the 
surfaces, the less friction there will be. Also, there 
will be more friction if both parts are of the same ma- 
terial. This is probably due to the fact that two pieces 
of material of the same kind and of the same quality will 
have molecules of the same size and of the same general 
form, $0 that when one piece moves over the other the 
projections on one piece drop readily into the depres- 
sion in the other, somewhat after the manner in which 
the teeth of a gear wheel lock together. When dis- 
similar metals are employed for the shaft and bearings, 

248 
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or for the stationary and movable parts of a piece of 
machinery, the particles composing them being of dif- 
ferent size, those of one piece cannot drop so deeply into 
the depression on the other, and consequently less fric- 
tion is produced. 

In an engine, like all other pieces of machinery, we 
have many places where friction occurs, due to the 
moving of one surface on the other. We have parts of 
varying diameter, such as a crank shaft, or crank pin. 
We have the pressure exerted on these parts, too ; for ex- 
ample, the pressure on the piston, the weight of the fly- 
wheel, the pull of the belt, the pressure on the guides 
and several other parts. In addition to the above we 
have, particularly in the cylinder, moving parts some- 
what difficult to reach with the oil and exposed to a con- 
siderable degree of heat from the steam. On these 
places where friction occurs, materials of different quality 
are employed to reduce the friction for the reason pre- 
viously given. 

In the case of the connecting rod and crank pin, the 
end of the rod is fitted with bronze or gun metal bear- 
ings. This material is an alloy, varying in composition 
with regard to the service for which it is to be employed. 
A good grade is composed of about 90 parts of copper 
to 10 parts of tin. The hardness may be increased by 
increasing the proportions to 14 parts of tin to 86 parts 
of copper. In other bearings the bearing proper is 
recessed, and this recess is filled with some metal 
which has especially good anti-friction qualities, such, 
for example, as babbitt. This is a soft, white-colored 
aUoy of copper, tin and antimony, in the proportion of 4 
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parts of copper, 24 parts of tin, and 8 parts of antimony. 
This is made into an alloy first, and then remelted with 
twice its weight of tin. When used it is melted and 
poured into the bearing with the shaft in place. It 
makes a smooth highly polished surface in which the 
friction is reduced to a remarkable extent. The me- 
chanical reduction of friction is further obtained by 
making bearings partly of babbitt or bronze, containing 
grooves or recesses filled with graphite, or black lead. 
This, in its commercial form, is a shiny black, smooth, 
greasy feeling material, which is in itself an excellent 
lubricant. 

Various constructions of modem machinery provide 
for bearings composed of balls or rollers formed of hard 
steel which support the shaft and, rolling around with 
it, also revolve upon their own centers, thus eliminating 
to a very great extent all sliding motion as in a plain 
bearing, and producing a rolling motion only. These 
methods of reducing friction, however, are not alto- 
gether satisfactory when taken alone. Recourse must 
be had to additional lubrication in the form of oils or 
grease which should be carefully selected with regard 
to the work to be performed. 

A theoretically perfect lubricant is one which will 
penetrate to all portions of the bearing, form a thin film 
between the moving parts and remain there, entirely 
separating them, so that the moving parts of a properly 
lubricated bearing should never actually touch each 
other. Under these conditions the ideal bearing is that 
of a shaft rolling upon a large number of small spherical 
bodies represented by the drops or molecules compos- 
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ing the lubricant. Such lubricants in the form of liquids 
and semi-solid materials are called oil and grease. 
They vary in density according to the work to be per- 
formed. 

A thin oil will not serve for a heavily weighted, slowly 
moving bearing, as it would be pressed out without doing 
any service, while a hard grease would not serve for a 
light and rapidly moving bearing, on account of not 
being sufficiently fluid to flow properly where desired. 
For many purposes, animal or mineral oils are used, 
but the animal oils are exposed to the objection that 
when decomposed they are liable to liberate acids or 
other substances which are injurious. In the case of 
engine cylinders, where, on account of the intense heat, 
the oil is likely to be evaporated or decomposed quickly, 
mineral oils are used. 

Briefly stated, mineral oil is that which is drawn from 
the earth, being the product of natural causes during 
many ages of the earth's existence. It is supposed that 
at some period, long ago, vast quantities of animal and 
vegetable matter were caught during some convulsion 
of the earth and held between masses of material which 
afterwards solidified in the form of rock. Heat and 
pressure, due to the contraction of the earth, gradually 
squeezed out all the oil which collected in pockets in 
certain portions of the earth where oil is found. This 
same cause also distilled from the oils and materials 
which produced them certain lighter products or gas. 

Occasionally these gases are found in spaces in the 
earth's surface connecting with the spaces in which the 
oil is fotmd. If in drilling in an oil region, a body of oil 
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is Struck which is connected by natural passage ways 
with a body of gas, on removing the drill and releasing 
the pressure, the gas forces the oil ahead of it out of 
the well pipe. This is called a '* gusher." If there is 
no gas present or its pressure has been reduced then 
the oil must be pumped out of the well. Oil in this form 
is called crtide oil. It has a specific gravity varying 
from 0.77 to 0.98. All crude oils have a fluorescence, 
var]ring from dark green to blue, and a very noticeable 
odor. The process of distillation is now undertaken, 
consisting essentially of heating the crude oil. At 
varying temperatures the liquid is liberated in the form 
of gas which is afterwards condensed. The gases 
liberated at the varying temperatures and the resulting 
oils are of various grades and are called distillates. 
The lubricating oils are nearly the last to be distilled, 
on account of the high temperature required to bring 
them to the boiling point. 

After distilling they are refined by the use of various 
chemicals and then clarified by running into settling 
tanks, where they are allowed to remain until thoroughly 
cleaned. 

In order to produce the commercial oil, various quali- 
ties of distillates are blended to give satisfactory results 
in operation. 

Recently a method has been devised to obtain a very 
finely divided graphite called '* deflocculated graphite." 
This is mixed with cylinder oil, and remains in suspen- 
sion, thoroughly combining with the oil and greatly add- 
ing to its lubricating quality. This has not previously 
been possible as the graphite in the former commercial 
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forms refused to mix well with the oil and tended to 
obstruct the clear flow of the oil ways. 

When grease is applied to bearings a receptacle called 
a grease cup is employed. These may be divided into 
two general classes. ~ 

One is a plain me- 
tallic cup with a cover 
in which grease is 
packed and the heat- 
ing of the bearing due 
to friction is depended 
on to gradually melt 
down the grease and 
cause it to flow on 
the bearing. In the 
other, the pressure 
grease cup, of which 
an example is shown 
in Fig. 100, a piston a 
is pressed down upon 
the grease by the 
spring 8, forcing the 
grease continually to 
the bearing. 

The wing nut n is ^8- ^^' 

used as a check on the spring. It is unscrewed a suffi- 
cient amotmt to allow the spring to move forward during 
the day's run and then it must of necessity stop until 
the wing nut is further unscrewed. The object is to 
prevent the grease from being forced into the bear- 
ing during periods when the engine is at rest, during 
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which time the extra lubrication wotildi of course, be 
valueless. 

Very many types of oil cups are employed to meet the 
many conditions required in service. There may be a 
metal body or a body composed of a glass tube reinforced 
by metal, thus enabling the amount of oil in the cup to 
be readily determined. As these are generally arranged 
to supply oil, drop by drop, to the bearings, a valve ar- 
rangement is provided by which this may be regulated, 
also a glass tube below the cup, called the '* sight feed,'' 
through which the nozzle, from which the oil drips, may 
be seen. 

For the purpose of lubricating cylinders of gas engines 
or similar places where pressure is present, a pressure 
cup is employed, of which a cross section is shown in 
Fig. loi. 

The glass body g forms a reservoir for the oil which 
may drip down into the connecting pipe through the 
nozzle e forming the end of tube a. The tube h also 
connects with the connecting pipe, its opening being 
closed by the ball check c. When compression in the 
engine cylinder occurs a portion of the gas escapes into 
the reservoir of the oil cup through the tube b and the 
check valve, forming a pressure on the surface of the 
oil. Oil cannot pass the nozzle as the check c' is held 
against its seat by the compression pressure. When, 
on the following stroke, the pressure in the cylinder 
of the engine, the nozzle e and its surrounding chamber, 
is reduced, the check c' drops, opening the nozzle 
passages; the captured gas retained in gr by the check 
c is exerting pressure upon the surface of the oil 
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and forces a drop of oil through the tube a to the nozzle, 
from whence it is drawn into the cylinder by suction and 
gravity. 

To lubricate a steam- 
engine cylinder is not 
easy, for one cannot 
well make an opening 
through which to in- 
sert an ordinary oil 
can when the pressure 
is in the cylinder; as 
the piston is constantly 
moving forward and 
backward, it requires 
lubrication to over- 
come the friction due 
to the weight of the 
piston resting on the 
bottom of the cylinder. 
For this purpose a 
lubricator is employed, 
the principle of which 
is illustrated in Fig. 
1 02 . The main steam 
pipe a has two open- 
ings in it, into which 
are connected the 
small pipes at h and c. 
These small pipes and 

the lubricator form a by-pass and afford, with the main 
pipe, two ways for the steam to pass from the point d 



Digitized by VjOOQIC 



2S6 



ELEMENTARY STEAM ENGINEERmG. 



to e. Of course the major portion of the steam will 
pass through the main pipe a, but with the lubricator 
valves open a small portion of it will pass in that direction. 

On entering the 
pipe b and proceeding 
to the large cham- 
ber /, the steam is 
condensed by coming 
in contact with the 
walls of this chamber, 
which are kept cool 
by the surrounding 
atmosphere. The 
condensed steam or 
water then drops to 
the bottom of the pipe 
forming a layer of 
water in the bottom 
of the cylinder g. 
This cylinder has pre- 
viously been filled 
with oil through the 
opening /t, which is 
now closed. As the 
water under pressure 
from the steam, in the 
pipe bj collects at the 
bottom of the cylinder, the oil floating on top of it tries 
to find some outlet. This is provided through the pipe 
i, ending near the top of the cylinder. Therefore, the 
gradual accumulation of water drives the oil, little by 



Fig. 102. 
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littlei through the pipe i, tmtili in the course of timei the 
cylinder has been entirely emptied of the oil. The pipe 
i ends in a nozzle, the opening of which may be regu- 
lated by the valve j. This nozzle is placed in a glass 
tube for convenience in noting the regulation of the 
feedi and the glass tube continuing in the form of a pipe 
joins the main line a at c. By means of the valve J, 
the amount of oil passing into the line is regulated for 
so many drops per minute, depending on the require- 
ments. On reaching the pipe a, the drops of oil are 
taken up by the main body of steam and with it enter 
the steam chest and cyl^der, where they are thoroughly 
distributed over the valve and cylinder walls. 

When the oil in the cylinder g has become thoroughly 
exhausted it is renewed by first closing the valves k^ h\ 
opening the valve ;, and the plug h\ the water now 
drains out. Then, on closing 2, the cylinder may be re- 
filled through the opening hy closing h and opening k^ k' 
again; it is once more ready for operation. 

Instead of using individual oil cups on each of a num- 
ber of bearings on an engine, and sometimes also in the 
case of cylinder lubrication, a force feed oiling system is 
employed. This consists essentially of a supply tank 
from which oil is pumped, either directly by a small 
pumping attachment or by forcing air tmder pressure 
into the reservoir; in either case the oil is forced out 
into small pipes, each leading to and connecting with 
one bearing. 

In this way a constant feed of oil is maintained to 
each point requiring it, and only one reservoir requires 
to be supplied with oil. After oil has been used upon 
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bearings it may be reclaimedi that is, collected in some 
suitable vessel, and when sufficient quantities are col- 
lected it may be cleaned and used again for bearings 
not requiring the highest grade of lubrication. It should 
not, however, be used over again in the cylinders of the 
engine. On high-speed machinery, such, for instance, 
as dynamos and motors, so-called self-oiling bearings 
are often used. In this case a reservoir of oil is placed 
a little below the shaft. Hanging loosely upon the shaft 
is a ring sufficiently large in diameter to reach to the 
bottom of the oil reservoir. As the shaft rotates this 
ring moves around in the same direction, carrying with 
it from the reservoir and depositing on the shaft sufficient 
quantities of oil to thoroughly lubricate it. When this 
oil runs off the shaft, it drops back into the reservoir to 
be used again. 

QUESTIONS. 

1. How is friction produced? 

2. What is the result of friction? 

3. How may it be reduced? 

4. What is anti-friction metal? 

5. Describe roller bearings. 

6. What is a lubricant? 

7. Under what conditions are oils or grease used? 

8. Describe a grease cup. 

9. Describe a compression, or force feed, oil cup. 
10. Describe a cylinder lubricator for steam engines. 



Digitized by VjOOQIC 



INDEX. 



Absolute temperature, 84. 
Advantage of expansive working 

of steam, 52. 
Air, and vapor mixture, 219, 232. 

chamber on steam pump, i44« 

cooling of gas engines, 234. 

required for combustion, 130. 

weight at sea level, 43. 
Alcohol, denatured, 224. 
Alloy, bearing metal, 249. 

definition of, 89. 
Angular advance of eccentric, i8. 
Angularity of connecting rod, 37. 

eflFect of, on engine, 37. 
Anti-friction metals, 250. 
Area, of chimney, 129. 

of segment, 107. 
Asbestos, 198. 

Atmosphere, pressure of, 43. 
Automatic stoker, 126. 
Automatic valves, 84. 
Average pressure from diagram, 
61. 

Babbitt metal, 249. 
Babcock and Wilcox boilers, 112. 
Banking the fire, 119. 
Batteries for ignition, 245. 
Bearing metal composition, 249. 
Bearing metal, anti-friction, 250. 
Bearings, 249. 
Boiler, braces for, 104. 

bursting pressure of, xox. 

care and operation of, 116. 



Boiler, constructbn, 94. 

corrosion of, 117. 

definition of, 88. 

domes on, 95. 

factor of safety of, 89. 

feed pumps, 142. 

feed-water heaters, 156. 

feedr water supply, 1x8. 

fire-tube, 92-110. 

heads, 106. 

heating surface of, xo9. 

horse-power, 109. 

incrustation of, XX7. 

materials, 88. 

materiab, qualities of, 89. 

materials, strength of, 90. 

safe working pressure of, X02. 

seams, strength ratio, 102. 

settings, 98. 

water-tube, iii'ii6. 
Boilers, 88-140. 
Boiling point of water, 83. 
Bolts, stay, 104. 
Boyle's law, 49. 
Braces, diagonal, 104. 
Brake, Prony, 40. 
Brake test, for HJP., 39. 
Bursting pressure of boiler, loi. 

Calculations for steam pump, 150. 
Cams, on gas engines, 228. 
Cam shaft speed ratio, 239. 
Capacity of pipes, table, 193. 
Capacity of pumps, 151. 
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Carburetor, for gasoline, 231. 
Centigrade-Fahrenheit conversion 

rule, 83. 
Check valves, 185. 
Chimneys, 129. 

calculations for, 129. 

draft in, 131. 
Clack valve, 149. 
Qearance in steam engine, 2a 

line on diagram, 77. 
Coal, combustion of, 120. 
Coal, heat units per pound, 85. 
Composition of bearing metal, 249. 
Compound engines, 167. 
Compression space in gas engines, 

225. 
Condensers, jet and surface, 172. 
Condensing engine, 34. 
Conduction of heat, 86. 
Connecting rod, 9. 

end bearings, 9. 
Constant for indicated horse 

power, 67. 
Convection, 86. 

Conversion rule, Fahrenheit-Centi- 
grade, 83. 
Corliss engines, 161-166. 
Corrosion due to scale, 117. 

how prevented, 117. 
Covering for steam pipes, 198. 
Crank pin, 10. 

speed of, 37. 

tangential pressure of, 38. 
Cross-head, 8. 

guides, pressure on, 11. 
Cross-compound engine, 169. 
Crude oil, specific gravity of, 252. 
Cup, grease, 253. 

oil feed, 254. 

pressure feed, 254. 



Curtis turbine, 212. 
Cut-off, point of, 53. 
Cycle, definition of, 229. 
Cylinder, Corliss engine, 161. 

clearance in, 20. 

gas engine, 226. 

slide-valve engine, 3. 

steam pump, 143. 

Damper regulation, 120. 
Dash pot, on Corliss engine, 166. 
Definitions of terms, 88-90. 
Deflocculated graphite, 252. 
De Laval turbine, 207. 

governor, 209. 

nozzle, 207. 
Diagrams for gas-engine ignition, 

246. 
Diameter of pump cylinder, 151. 
Diesel engine, 234. 
Dimensions of steam pumps, 150. 
Discharge of steam through an 

orifice, 194. 
Distillation of crude oil, 252. 
Domes on steam boilers, 95. 
Draft, of chimneys, 131. 

effect on combustion, 130. 
Duplex steam pumps, 145. 

Eccentric, action of, 13. 

angular advance of, 18. 

control of slide valve, 16. 

rod and strap, 15. 

throw of, 15. 
Effect of retarded ignition, 237. 
Effective pressure, 34. 
Efficiency of engine, 80. 
Elastic limit, 89. 
Electric wiring diagrams, 246. 
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Enclosed water heater, 157. 
End bearing of connecting rod, 9. 
Engine constant, 67. 
Engines, compound, 167. 

Corliss, 161-166. 

Curtis turbine, 212. 

De Laval turbine, 207. 

Diesel, 234. 

internal combustion (see gas 
engines). 

Parsons tiurbine, 214. 

reciprocating, 1-12, 161-171. 

turbines, 202-217. 
Equivalent volumes of steam at 

different pressures, 46. 
Expansion curve (theoretical), 77. 
Expansive working of steam, 48. 

Factor of safety, 89. 
Fahrenheit-Centigrade conversion 

rule, 83. 
Feed, pump, 142. 

water, how supplied, 116. 

water heater, 156. 

water, saving due to heating, 

155. 
Fire in boiler furnace, 119. 
Fire-tube boilers, 92-110. 
Fittings, for steam pipes, 174- 

185. 
Flow, of steam, 192-195. 

loss due to friction, 193. 

through an orifice, 194. 
Foaming, 128. 

Foot-pound, definition of, 41. 
Forces, parallelogram of, 39. 
Freezing point of water, 83. 
Friction and lubrication, 248. 
Fuel, 85, 218, 224. 
Furnace grates, 125. 



Gage glass, how replaced, 122. 
Gage, steam, 123. 
Gallon, per cubic foot, 151. 
Gas, as fuel, 219, 224. 

and vapor mixtiure, 219, 224. 

engines, 218-247. 

producer, 219. 

water, 219. 
Gas engine, compresaon space In, 
225. 

cooling methods, 234. 

cylinder, 225. 

four-part cycle, 225. 

horse-power of, 244. 

ignition, 236. 

ignition, advanced or retarded, 
237. 

order of firing cylinders, 243. 

piston, 225. 

shock diagram for shaft, 240. 

spark plug, 236. 

timer, 236. 

timing of valves, 239. 

two-part cyde, 229. 

valve operation, 239. 

wiring diagrams, 246. 
Gasoline carburetor, 231. 
Gate valve, 182. 
Globe valve, 180. 
Governor, inertia, 30. 

for reciprocating engines, 33- 

30. 

pendulum, 23. 

shaft, 29. 

turbines, 210. 
Graphite, deflocculated, 253. 

use in bearings, 250. 
Grease, conditions for using, 

251. 
Grease cup, 253. 
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Heads of boilers, io6. 
Heat, 81-87. 

conduction of, 86. 

convection of, 86. 

latent and sensible, 44. 

mechanical equivalent of, 45, 85. 

radiation of, 86. 

specific, 84. 

transfer of, 86. 

unit of, 84. 

units per pound of coal, 85. 
Heaters, enclosed, 157. 

water, 156. 
Heating surface of boilers, 109. 
Height of chimneys, 129. 
Horse-power, by brake test, 40. 

constant, 67. 

definition of, 32, 85. 

efficiency of chimneys, 129. 

formula, 33, 244. 

indicated {see indicators). 

of steam engine, 32-41. 

of boilers, 109. 

of gas engines, 244* 

of pumps, 150. 

Ignition, 235. 
Impulse of jet, 203. 
Impurities in water, 132. 
Incrustation and scale, 132. 
Indicated horse power, 67. 
Indicator, steam engine, 56-80. 

construction, 70. 

diagrams, actual, 62. 

diagrams, theoretical, 59. 

principle of operation, 57. 

reducing wheel, 74. 
Internal combustion engines (see 
gas engine). 



Injector, 153-156. 

construction of, 154. 
Isothermal curve, 50. 

Jacketing an engine cylinder, 30. 

Jacket, water, 234. 

Jet condenser, 171. 

Jet, reaction of, 203. 

Joints, riveted, loi. 

Jump spark ignition, 235. 

Lap and lead in slide valves, 137. 
Lap joints, riveted, loi. 
Latent heat, 44. 
Lever safety valves, 137. 
Limit, elastic, 89. 
Link, reversing for engine, 19. 
Loss of head in pipes, 193. 
Lubrication, 248-258. 
Lubricator, steam engine cylinder, 
256. 

Magnesia, use of, 198. 
Make-and-break ignition method, 

235. 
Mean effective pressiure (M.E.P.), 

60. 
from diagram, 61. 
Mechanical equivalent of heat, 45. 
Mechanical efficiency of steam 

engine, 80. 
Mechanical stoker, 126. 
Mechanism of Corliss valves, 164. 
Metallic packing, 197. 
Metals, anti-friction, 249. 
Mud drum, 112. 
Muffler, for gas engines, 238. 

Natural gas, 249. 
Non-conductors, of heat, 198. 

table of relative values, 200. 
Nozzles, turbine, 206, 213. 



Digitized by VjOOQIC 



INDEX. 



263 



Oa, crude, specific gravity of, 
252. 

distillates of, 252. 

effect on boiler, 118. 

engines, 233. 

feed cups, 254. 

mineral, 251. 

when to use, 251, 
Orifice, flow of steam through, 194. 

Packing, 195. 

metallic, 197. 

piston and valve rods, 6. 
Parallelogram of forces, 39. 
Parsons turbine, 214. 
Pendulum governor, 24. 
Pipe coverings, 198. 
Pipe threads, 174. 
Pipes, capacity of, 193. 

equation of, 191. 

fittings for, 174-185. 

flow of steam in, 193. 

loss of head in, 193. 
Piston, di^lacement, 37. 

rings, 5. 

rod, 5. 

speed, 37. 

steam engine, 2. 
Planimeter, 75. 
Plug, spark, 236. 
Plug valve, 183. 
Point of cut-off, 53. 
Ports, steam, 7. 
Pressure, back, 34. 

bursting, of boiler, 102. 

effective, 34. 

feed, oil cup, 254. 

initial, 58. 

mean effective, 60. 

on cross-head guides, 37. 



Pressure, safe working, 103. 

terminal, 58. 
Priming, 128. 

Producer, suction gas, 220. 
Prony brake, 40. 
Properties of saturated steam, 

table, 48. 
Pumps, 142-152. 

air chamber on, 144. 

boiler feed, 142. 

capacity of water cylinder, 151. 

diameter of water cylinder, 151. 

dimensions of, 150. 

duplex steam, 145. 

horse power of, 150. 

piston speed of, 148. 

plunger of, 149. 

pumping hot water, 147. 

size of connections, 150. 

suction of, 150. 

valves, 144, 149. 

valves, setting of, 146. 

Radiation of heat, 86. 

Receiver for compound engines, 

170. 
Reducing wheel for indicator, 74. 
Retarded ignition, effect of, 237. 
Reversing gear for engines, 19. 
Riveted joints, strength of, 102. 
Rotary engines, 202. 

Safe working pressure of boilers, 

102. 
Safety, factor of, 89. 

valves, 134. 
Scale, 117. 
Seams of boilers, strength ratio, 

102. 
Segment, area of, 107. 
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Separator, steam, 189. 

Setting pump valves, 146. 

Shells of steam boilers, materials 

for, 88. 
Shock diagram, for gas engines, 

240. 
Slide valve, steam engine, 7. 
Spark plug, 236. 
Specific gravity of oil, 252. 
Specific heat, 84. 
Speed of pump piston, 148. 
Spring safety valve, 136. 
Stay bolts, 104. 
Steam, back pressure, effect of, 34. 

effective pressure of, 34. 

expansive working of, 49. 

flow of, in pipes, 192. 

flow of, through an orifice, 194. 

gage, 123. 

latent heat of, 44. 

loss in pipes, 193. 

mean effective pressure of, 60. 

saturated, properties of, table, 

48. 

superheated, 43. 

trap, 188. 

weight of, per H.P. per hour, 54. 

work during formation of, 43. 
Steam boilers, 88, 140. 

bursting pressure of, loi. 

construction of, 94, 112. 

corrosion of, 117. 

domes on, 95. 

factor of safety of, 89. 

feed pumps for, 142. 

feed- water heater for, 156. 

feed-water saving due to heat- 
ing, iSS- 

foaming or priming of, 128. 

grates for, 125. 



Steam boilers, heating surface of, 
109. 

height of chimney for, 129. 

horse power of, 109. 

incrustation in, 132. 

injectors on (see injectors). 

mechanical stokers for, 126. 

riveted seams, strength of, 102. 

safe working pressure of, 102. 

safety valves for, 134. 

scale in, 117. 

scale, method of softening, 117. 

shells, material for, 88. 

stay bolts for, 104. 

strength of, loi. 

tests, method of making, 118. 
Steam engines, i, 161, 207, 218. 

advantages of compounding, 
167. 

clearance in, 20. 

compound, 167. 

condensing and non-condens- 
ing, 34. 

connecting rod, 9. 

construction of, 2-12. 

control by eccentric, 16. 

Corliss, 161. 

Corliss, cylinder and valves, 
162. 

Corliss, dash pots on, 166. 

Corliss, valve mechanism, 164. 

Corliss, valves, method of opera- 
tion, 162. 

crank, 9. 

crank pin, 10. 

crank pin, speed of, 37. 

cross-head, 8. 

cut-off, point of, 17. 

determining expansions in, 170. 

double expansion, 170. 



Digitized by VjOOQIC 



INDEX. 



26s 



Steam engines, eccentric, 13. 

eccentric, angular advance of, 
18. 

efficiency, 80. 

expansions in each cylinder, 170. 

governors, inertia, 30. 

governors, pendulum, 23. 

governors, shaft, 29. 

governors, turbine, 210. 

guides, pressure on, 11. 

horse-power constant, 67. 

horse power of, 32. 

indicator diagrams, 66. 

jacketing of, 20. 

link, reversing for, 19. 

mean effective pressure of, 60. 

piston, 2. 

piston displacement in, 37. 

piston rings, 5. 

piston-rod, 5. 

ports, steam, 7. 

receiver for, 170. 

rotary {see turbines). 

slide valve, 7. 

slide-valve crank angle, 16. 

slide valve, diagrams of port 
opening and cut-off, 16. 

slide valve, travel of, 20. 

speed of piston, 37. 

triple expansion, 170. 

tyi)es of compound engines, 168. 
Steam pipes, 193. 

coverings for, 198. 

fittings for, 174-185. 
Steam traps, 188. 
Steam turbines, 207. 
Strain and stress, 89. 
Strength, . of materials, compres- 
sion, 89. 

shearing, 89 



Strength, tensile, 89. 

torsional, 89. 
Suction gas producer, 220. 
Superheated steam, 134. 

Table, properties of saturated 

steam, 48. 
Tandem compound engine, 169 
Temperature, absolute, 84. 
Tensile strength, definition of, 89. 
Theory of lubrication, 250. 
Thermometers, 83. 
Timer, gas-engine, 236. 
Torsional strength, 89. 
Total heat of evaporation, 48. 
Trap, steam, 188. 
Travel of slide valve, 20. 
Triple expansion engine, 170. 
Turbines, 202-217. 

arrangement of blades, 213. 

multi-stage, 212. 

Unit, of heat, 84. 
of power, 84. 
of work, 84. 

Valve gear, 164. 

Valves, area of opening of, 138. 

check, 185. 

Corliss, 162. 

gas engine, 238. 

gate, 182. 

globe, 180. 

lap and lead of, 20. 

plug, 183. 

pump, 144, 149. 

relief, 21. 

safety, 134-140. 

safety, size required, 139. 

steam pump, 144, 149. 

travel of, 20. 
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Water, boiling point of, 83. Water, scale in, 117. 
column, 121. tube boilers, 1 1 i-i 16. 

convection, heating by, 86. weight of, 43, 151. 

feed, 116. weight per gallon, 151. 

freezing point of, 83. Weight of air, 43. 

gas, 219. \^e drawing, 21. 

per H.P. per hour, 54. Wiring diagrams, gas ei^ne, 246. 
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Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner . . .Svo, **j 50 

Ermen, W. F. A. Materials Used in Sizing i2mo, *2 00 

Evans, C. A. Macadamized Roads {In Press.) 

Ewing, A. J. Magnetic Induction in Iron 8vo, *4 00 

Fairie, J. Notes on Lead Ores i2mo, *i 00 

Notes on Pottery Clays i2mo, *i 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. 

(Science Series No. 58.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws . . .8vo, *3 eo 

Fanning, T. T. Hydraulic and Water-supply Engineering. 8 vo, *5 00 
Fauth, P. The Moon in Modern Astronomy. Trans, by J. 

McCabe 8vo, *2 00 

Fay, I. W. The Coal-tar Colors 8vo, *4 00 

Fernbach, R. L. Glue and Gelatine 8vo, *3 00 

Chemical Aspects of Silk Manufacture. x2mo, *x 00 

Fischer, E. The Preparation of Organic Compounds. Trans. 

by R. V. Stanford 1 2mo, *i 25 

Fish, J. C. L. Lettering of Working Drawings Oblong 80, i co 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

8vo, ♦a 50 

Biske, Lieut. B. A. Electricity in Theory and Practice 8vo, 2 50 

Fleischmann, W. The Book of the Dairy. Trans, by C. M. 

Aikman 8vo, 4 00 

Fleming, J. A, The Alternate-current Transformer. Two 

Volumes 8vo, 

Vol. I. The Induction of Electric Currents. "^5 00 

VoL II. The Utilization of Induced Currents *S 00 

Propagation of Electric Currents 8vo> *3 00 

Fleming, J, A Electric Lamps and Electric Lighting 8vo, *3 00 

Electric Laboratory Notes and Forms 4to> *$ 00 

A Handbook for the Electrical Laboratory and Testing 

Room. Two Volumes 8vo, each, *$ 00 

Fleury, P. White Zinc Paints x2mo, *a 50 

Fluery, H. The Calculus Without Limits or Infinitesimals. 

Trans, by C. 0. Mailloux (In Press,) 

Flynn. P. J. Flow of Water. (Science Series No. 84.). . . i6mo, o 50 
Hydraulic Tables. (Science Series No. 66.) i6mo, o 50 
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Foley, N. British and American Customary and Metric Meas- 
ures folio, *3 oo 

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh 

Edition.) i2mo, leather, 5 00 

Engineering Valuation of Public Utilities 8vo, *3 00 

Handbook of Electrical Cost Data 8vo. (In Press) 

Fowle, F. F. Overhead Transmission Line Crossings .... i2mo, '*'z 50 

The Solution of Alternating Current Problems 8vo (In Press.) 

Fo£,W. 6. Transition Curves. (Science Series No. no.). i6mo, 050 
Fox, W., and Thomas, C. W. Practical Course in Mechanical 

Drawing iimo, i 25 

Foye, J. C. Chemical Problems. (Science Series No. 69.).i6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.). 

i6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments .4to, 15 00 

Freudemacher, P. W. Electrical Mining Installations. (In- 
stallation Manuals Series.) i2mo, '*'! 00 

Frith, J. Alternating Current Design 8vo, *a 00 

Fritsch, J. Manufacture of Chemical Manures. Trans, by 

D. Grant 8vo, *4 00 

Frye, A. I. Civil Engineers' Pocket-book i2mo, leather, '*'5 00 

Fuller, 6. W. Investigations into the Purification of the Ohio 

River 4to, ♦10 00 

Furnell, J. Paints, Colors, Oils, and Varnishes 8vo, *i 00 

Gairdner, J. W. I. Earthwork 8vo (/n Press.) 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, '*'4 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explo- 
sions and Fires i2mo, leather, i 50 

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Dis- 
tributing Systems ismo, *3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture 8vo, *$ 00 

World's Cane Sugar Industry Svo, *5 00 

Geikie, J. Structural and Field Geology 8vo, *4 00 

Gerber, N. Analysis of Milk, Condensed Milk, and Infants' 

Milk-Food Svo, i 25 
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Gerhard, W. P. Sanitation, Water-supply and Sewage Disposal 

of Country Houses i2mo, *2 oo 

Oas Lighting. (Science Series No. iii.) i6mo, o 50 

Gerhard, W. P. Household Wastes. (Science Series No. 97.) 

i6mo, o 50 

House Drainage. (Science No. 63.) i6mo, 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) 

i6mo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, *4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans. 

by C. Salter 8vo, *$ 00 

Gibbs, W. E. Lifting by Acetylene iimo, *i 50 

Physics of Solids and Fluids. (Carnegie Technical Schools 

Text-books.) *i 50 

Gibson, A. H. Hydraulics and Its Application 8yo, *5 00 

Water Hammer in Hydraulic Pipe Lines i2mo, *2 00 

Gilbreth, F. B. Motion Study. A Method for Increasing the 

Efficiency of the Workman i2mo, *a 00 

Primer of Scientific Management i2mo, *i 00 

Gillmore, Gen. Q. A. Limes, Hydraulics Cement and Mortars. 

8vo, 4 00 

Roads, Streets, and Pavements .... i2mo, 2 00 

Golding, H. A. The Theta-Phi Diagram i2mo, *i 25 

Goldschmidt, R. Alternating Current Commutator Motor . Svo, *3 00 

Goodchild, W. Precious Stones. (Westminster Series. ).8vo, *2 00 

Goodeve, T. M. Textbook on the Steam-engine i2mo,* 2 00 

Gore, G. Electrolytic Separation of Metals 8vo, *3 50 

Gould, E. S. Arithmetic of the Steam-engine i2mo, i 00 

Calculus. (Science Series No. 112.) i6mo, o 50 

High Masonry Dams. (Science Series No. 22.) . . . i6mo, 50 

Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series.) i6mo, o 50 

Grant, J. Brewing and Distilling. (Westminster Series.) 

Svo (In Press.) 

Gratacap, L. P. A Popular Guide to Minerals Svo, ^^3 00 

Gray, J. Electrical Influence Machines i2mo, 2 00 

Marine Boiler Design i2mo, *i 25 

Qreenhill, G^ Dynamics of Mechardcal Flight Svo, *2 50 
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GreenwQo4iJS« Classified Guide to Teclinical and Commercial 

Books 8vo, 

GfiegoriuAf R. Miaeral Waxes. Trans, by C. Salter . . . i2mo, 

Griffiths, A. B. A Treatise on Manures i2mo, 

Griffiths, A. B. Dental Metallurgy 8vo, 

Gross, E. Bops 8vo, 

Grossman^ J* Ammonia and its Compounds i2mo, 

Groth, L. .A. Welding and Cutting Metals by Gases or Electric- 
ity Svo, 

Grower, F. Modern Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving Svo, 

GiUdner, Hugo. Internal-Combustion Engines. Trans, by 

H. Diedrichs 4to, 

Gunther, C. 0. Integration x2mo, 

Gurden, R. L. Traverse Tables folio, half mor. 

Guy, A. E. Experiments on the Flexure of Beams Svo, 

Haeder, H. Handbook on the Steam-engine. Trans, by H. 'H. 

P. Powles i2mo, 

Haenig, A. Emery and the Emery Industry i2mo, 

Hainbach, R. Pottery Decoration. Trans, by C. Slater . . i2mo, 

Hale, W. J. Calculations of General Chemistry i2mo. 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, 

Hall| R. H. Governors and Governing Mechanism i2mo. 

Hall, W. S. Elements of the Dififerential and Integral Calculus 

Svo, 

Descriptive Geometry Svo volume and 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil 1 2mo, 

Halsey, F. A. Slide Valve Gears i2mo, 

The Use of the Slide Rule. (Science Series.) i6mo, 

Worm and Spiral Gearing. (Science Series.) i6mo. 

Hammer, W. J. Radium and Other Radioactive Substances, 

Svo, 

Hancocl^, H. Textbook of Mechanics and Hydrostatics Svo, 

Hardy, £. Elementary Principles of Graphic Statics i2mo, 

Harrison, W. B. The Mechanics' Tool-book i2mo, 

Hart, J. W. External Plumbing Work Svo, 

Hints to Plumbers on Joint Wiping Svo, 
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Hart, J. W. Principles of Hot Water Supply 8vo, *3 oo 

Sanitary Plumbing and Drainage 8vo, *3 oo 

Haskins, C. H. The Galvanometer and Its Uses*. . i6mo» i 50 

Hatt, J. A. H. The Colorist . Second Edition square lamo, *i 50 

Hausbrand, £. Drying by Means of Air and Steam. Trans. 

by A. C. Wright i2mo, *2 00 

Evaporating, Condensing and Cooling Apparatus. Trans. 

by A. C. Wright 8vo, *S 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. 

Trans, by A. Morris and H. Robson 8vo, *3 00 

HaWke, W. H. Premier Cipher Telegraphic Code 4to, *$ 00 

100,000 Words Supplement to the Premier Code 4to, *5 <f6 

Hawkesworth, J. Graphical Handbook for Reniforced Concrete 

Design 4to, *2 50 

Hay, A. Alternating Currents 8vo, *2 50 

Electrical Distributing Networks and Distributing Lines. 

8vo, *3 50 

Continuous Current Engineering 8vo, *2 50 

Hayes, H. V. Public Utilities, Their Cost New and Deprecia- 
tion Bvo, *2 00 

Heap, Major D. P. Electrical Appliances 8vo, 2 00 

Heather, H. J. S. Electrical Engineering 8vo, *3 50 

Heaviside, O. Electromagnetic Theory. Three volumes. 

Bvo, Vols. I and II, each,* *5 00 

Vol. in, *7 50 

Heck, R. C. H. Steam Engine and Turbine 8vo, . *5 00 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, *3 50 

Vol. 11. Form, Construction and Working 8vo, *5 00 

Notes on Elementary Kinematics 8vo, bDards, *i 00 

Graphics of Machine Forces 8vo, boards, * i 00 

Hedges, K. Modern Lightning Conductors 8vo, 3 00 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright. 

, . i2mo, *2 50 
Hellot, Macquer and D'Apligny. Art of Dyeing Wool, SHk and 

Cotton 8vo, *2 06 

Henrici, 0. Skeleton Structures 8vo, i 50 
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Hering, D. W. Essentials of Physics for College Students. 

8vo, *i 75 
Hermann, 6. The Graphical Statics of Mechanism. Trans. 

by A. P. Smith iimo, 2 oo 

Herring-Shaw, A. Domestic Sanitation and Plumbing. Two 

P/».rts 8vo, ♦s oo 

Elementary Science of Sanitation and Plumbing Svo, *2 oo 

Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, *3 50 

Hildebrandt, A. Airships, Past and Present Svo, *3 50 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) 

x6mo, o 50 

Hildich, H. Conciise History of Chemistry lamo, *i 25 

Hill, J. W. The Purification of Public Water Supplies. New 

Edition (In Press.) 

Interpretation of Water Analysis {In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) 

i6mo, o 50 

Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science 

Series.) i6mo, o 50 

Hobart, H. M. Heavy Electrical Engineering Svo, *4 50 

Design of Static Transformers Svo, *2 00 

Electricity Svo, *2 00 

Electric Trains Svo, *2 50 

Electric Propulsion of Ships Svo, *2 00 

Hobart, J. F. Hard Soldering, Soft Soldering, and Brazing . 

i2mo, *z 00 
Hobbs, W. R. P. The Arithmetic of Electrical Measurements 

x2mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50 

Hole, W. The Distribution of Gas Svo, *7 50 

Holley, A. L. Railway Practice folio, 12 00 

Hopkins, N. M. Experimental Electrochemistry Svo, *3 00 

Model Engines and Small Boats i2mo, i 25 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic 

Electricity. (Science Series No. 71.) i6mo, o 50 

Horner, J. Engineers- .."urning Svo, *3 50 

Metal Turning x2mo, i 50 

Toothed Gearing i2mo, 2 25 
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Houghton, C.E. TheElementsof Mechanics of Materials, iimo, *2 oo 

Houllevigue, L. The Evolution of the Sciences. 8vo, *2 oo 

Houstoun, R. A. Studies in Light Production i2mo, *2 oo 

Howe, 6. Mathematics for the Practical Man i2mo, *i 25 

Howorth, J. Repairing and Riveting Glass, China and Earthen- 
ware 8vo, paper, *o 50 

Hubbard, E. The Utilization of Wood-waste 8vo, *2 50 

Hubner, J. Bleaching and Dyeing of Vegetable and Fibrous 

Materials. (Outlines of Industrial Chemistry.) .... *$ 00 
Hudson, O. F. Iron and Steel. (Outlines of Industrial 

Chemistry.) Bvo, *2 00 

Humber, W. Calculation of Strains in Girders i2mo, 2 50 

Humphreys, A. C. The Business Features of Engineering 

Practice Bvo, *2 50 

Hunter, A. Bridge Work ^ 8vo (In Press.) 

Hurst, G. H. Handbook of the Theory of Color. . 8vo, *2 50 

Dictionary of Chemicals and Raw Products 8vo, *3 00 

Lubricating Oils, Fats and Greases 8vo, *4 00 

Soaps 8vo, *5 00 

Textile Soaps and Oils 8vo, *2 50 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, *3 00 

Also published in Three Parts: 

Vol. I. Dynamics and Heat Bvo, *i 25 

Vol. II. Sound and Light Bvo, *i 25 

Vol. ni. Magnetism and Electricity Bvo, *i 50 

Hutchinson, R. W., Jr. Long Distance Electric Power Trans- 
mission i2mo, *3 00 

and Ihlseng, M. C. Electricity in Mining i2mo, 

(/« Press.) 
Hutchinson, W. B. Patents and How to Make Money Out of 

Them i2mo, i 25 

Hutton, W. S. Steam-boiler Construction Bvo, 6 00 

Practical Engineer's Handbook Bvo, 7 00 

The Works* Manager's Handbook Bvo, 6 00 

Hyde, E. W. Skew Arches. (Science Series No. 15.).. . .i6mo, o 50 

Hyde, F. S. Solvents, Oils, Gums and Waxes lamo, *2 00 

Induction Coils. (Science Series No. 53.) t6mo, o 50 
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Ingle, H. Hftnual of Agricultural Chemistry. . 8vo, *3 oo 

Innes, C. H. Problems in Machine Design xamo, *2 oer 

Air Compressors and Blowing Bngines. ximo, ♦a^ or 

Centrifugal Pumps zn&o, ♦» 00- 

The Fan X2mo, *3 am 

lyatts, £. B. Railway Management at Stations ftvO| *a 50 

Jacob, A., and Gould, £. S. On the Designing and Contferaction 

of Storage Reservoirs. (Science Series No. 6.). . i6mo, • 50 

Jamieson, A. Text Bbok on Steam and Steam Engines. . . . Sto, 3 00 

Elementary Manual on Steam and the Sternm Engine. i2mo, x 50. 

Jannettaz, £. Guide to the Determination of Rocks. Transu 

by G. W. Plympton X2m0| i 501= 

Jehl, F. Manufacture of Carbons Svo^ *4 00 

Jennings, A. S. Commercial Paints and Painting. (Wei^t- 

minster Series.) Bvo (In Pr09$.) 

Jennison, F. H. The Manufacture of Lake Pigments 8tO, *3 00 

Jepson,G. Cams and the Principles of their Construction... 8vo, *x 50 

Mechanical Drawing &vo {In PreptartitUm.) 

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, *i 00 

Johnson, G. L. Photographic Optics and Color Photography. 

8vo, *3 00 
Johnson, J. H. Arc Lamps. (Installation Mantials Series.) 

zamo, *o 75 
Johnson, T. M. Ship Wiring and Fitting. (Installation 

Manuals Series) z6mo, *o 75 

Johnson, W. H. The Cultivation and Preparation of Para 

Rubber 8vo, *3 00 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural 

Chemistry and Geology lamoi 2 60 

Joly, J. Radioactivity and Geology xamo, *3. oq 

Jones, H. C. Electrical Nature of Matter and Radioactivity 

xamo, *!3 00 

New Era in Chemistry lamo, *% 00 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar 8vo, *$ 00 

Jones, M. W. Testing Raw Materials Used in Paint lamo, *2 oc 

Jordan, L. C. Practical Railway Spiral lamo, Leatther, '*'i 50 
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Joynswiy F. H. Designing and Construction of Machine Gear- 
ing «V0, 2 OO 

Jl^tner, H. F. V. Siderology : The Science of L:on 8vo, *5 oo 

Kspp, G. Alternate Current Machinery. (Science Series No. 

^.) r6mo, o 50 

Blecftric Transmission of £ne]:gy i2mo, 3 5© 

.Kflim, A. W. Prevention of Dampness in Buildings ...... Svo, *2 00 

.Keller, S. S. Mathematics for Engineering Students. 

i2mo, half leather, 

Algebra and Trigonometry, with a Chapter on Vectors. ... *i 75 

Special Algebra Edition *i 00 

Plane and Solid Geometry *i 25 

Analytical Geometry and Calculus *2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors. 

8vo, *2 50 
Kemhle, W. T., and Underhill, C. R. The Periodic Law and the 

Hydrogen Spectrum Svo, paper, *o 50 

Kemp, J. P. Handbook of Rocks 8vo, *i 50 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of 

Machinery. (Science Series No. 54.) i6mo, o 50 

Kfinnedy, A. B. W., Unwin, W. C, and Idell, F« E. Compressed 

Air. (Science Series No. 106.) i6mo, o 50 

Kafine4y» R* Modern Engines and Power Generators. Six 

Volumes 4to, 15 00 

Single Volumes each, 3 00 

Electrical Installations. Five Volumes 4to, 15 00 

Single Volumes each, 3 50 

Principles of Aeroplane Construction lamo, *i 50 

Flying Machines; Practice and Design i2mo, *2 00 

KenneUy, A. £• Electro-dynamic Machinery 6vo, i 50 

Kent,W. Strength of Materials. (Science Series No. 41.). x6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analysis Svo, *2 50 

BfoctrometaUurgy. (Westminster Series.). 8vo, *2 00 

The. electric Furnace in Iron and Sted Production, .xsmo, *i 50 

KiazbniBaer, C. Alternate Current Windings fivo, "'i 50 

GwntisttMM Current Armattu'es 8vo, *i 50' 

iMtiag of Ahttmsiting Cwcreat Machines 8vo, *2 00 
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Kirkaldy, W. G. David Kirkaldy's System of Mechanical 

Testing 4to, lo oo 

Kirkbride, J. Engraving for Illustration 8vo, *! 50 

Kirkwood, J. P. Filtration of River Waters 4to, 7 50 

Kirschke, A. Gas and Oil Engines iimo. *i 25 

Klein, J. F. Design of a High speed Steam-engine 8vo, *5 00 

Physical Significance of Entropy 8vo, *i 50 

Knight, R.-Adm. A. M. Modem Seamanship 8vo, *7 50 

Half Mor. *9 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics. . .8vo, 2 00 

Knox, J. Physico-chemical Calculations i2mo, *i 00 

Knoz, W. F. Logarithm Tables (In Preparation.) 

Koester, F. Steam-Electric Power Plants 4to, *5 00 

Hydroelectric Developments and Engineering 4to, *5 00 

Koller, T. The Utilization of Waste Products 8vo, *3 50 

Cosmetics 8vo, *2 50 

Kremann, R. Technical Processes and Manufacturing Meth- 
ods. Trans, by H. E. Potts Svo, 

Kretchmar, K. Yam and Warp Sizing Svo, *4 00 

Lambert, T. Lead and its Compounds Svo, *3 50 

Bone Products and Manures Svo, *s 00 

Lamborn, L. L. Cottonseed Products Svo, *3 00 

Modern Soaps, Candles, and Glycerin Svo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by 

C. Salter Svo, ^4 00 

Lanchester, F. W. Aerial Flight. Two Volumes. Svo. 

Vol. I. Aerodynamics *6 00 

VoL n. Aerodonetics ♦d 00 

Larner, E. T. Principles of Alternating Currents i2mo, *i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic 

Code i6mo, o 60 

La Rue, B. F. Swings Bridges. * (Science Series No. 107.) . z6mo, o 50 
Lassar-Cohn, Dr.. Modern Scientific Chemistry. Trans, by M. 

M. Pattison Muir i2mo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent 

Elsatric Lighting. (Science Series No. 57.) x6mo, o 50 
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Latta, M. IT. Handbook of American Gas-Engineering Practice. 

8vo, *4 50 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. " Wrinkles " in Practical Navigation Svo, *8 00 

Le Douz, M. Ice-Kaking Machines. (Science Series No. 46.) 

i6mo, o 50 
Leeds, C. C. Mechanical Drawing for Trade Schools . oblong, 4to, 

High School Edition *i 25 

Machinery Trades Edition *2 00 

Lef^vrc, L. Architectural Pottery. Trans, by H. K. Bird and 

W. M. Binns 4to, *y 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. 

Robson 8vo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture. .Svo, *i 50 
Letts, E. A. Fundamental Problems in Chemistry. . .lamo, 
Le Van, W. B. Steam-Engine Indicator (Science Series No. 

78.) i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 

8vo, ^2 00 
Carbonisation of Coal Svo, *s 00 

Lewis, L. P. Railway Signal Engineering 8vo, *s 50 

Lieber, B. F. Lieber's Standard Telegraphic Code Svo, *io 00 

Code. German Edition Svo, *io 00 

Spanish Edition Svo, ♦10 00 

French Edition Svo, *io 00 

Terminal Index Svo, *2 50 

Lieber's Appendix folio, ♦is 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and 

Shippers' Blank Tables Svo, *i5 00 

100,000,000 Combination Code Svo, *io 00 

Engineering Code Svo, *i2 50 

Livermore, V. P., and Williams, J. How to Become a Com- 
petent Motorman i2mo, *i 00 

Liversedge, A. J. Commercial Engineering Svo, '''3 00 

Mvin^stone^ R, Design and Construction of Commutators.8vo, *2 25 
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Lobben, P. Machinists' and Draftsmen's Han4bo<A •▼•» s 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid 8vo, 10 00 

Lockwood, T. D. Electricity, Magnetism, and E ie ctgo l e i ef* 

raphy 8v«, 2 50 

Electrical Measurement and the Gidvasoowter tatna, « 75 

Lodge, 0. J. Elementary Mechanics lamo, i 50 

Signalling Across Space without Wives Sso, *a 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps. 8to, *4 50 

Lord, R. T. Decorative and Fancy Fabrics Svo, *s 50 

Loring, A. E. A Handbook of the Electromagsetic lUai^aftfa. 

(Science Series No. 39) f^loMiy o 50 

Low, D. A. Applied Mechanics (Elementary) itam, o Bo 

Lubschez, B. J. Perspective lamo, *i 50 

Lucke, C. E. Gas Engine Design -Sve, *3 00 

Power Plants: their Design, Efficiency, and Power C«sts. 

2 vols {In Preparaliim.) 

Lunge, G. Coal-tar Ammonia. Two VoHtmes 8s«>, *^s 00 

Manufacture of Sulphuric Acid and Alkali. Three yoltunes 

6vo, 

Vol. I. Sulphuric Acid and AlkalL In tJuee parte *iB oo 

Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. 

In two parts ♦ig 00 

Vol. HI. Ammonia Soda *io 00 

Vol. IV. Electrolytic MeOiods .(J« Press.) 

Technical Chemists' Handbook i^na^ leather, *3 50 

Technical Methods of Chemical Analysis. Trans, hy 

C. A. Keane. In collaboration witib the cerps of 
specialists. 

VoL I. In two parts 8vo, *i5 00 

Vol. n. In two parts frro^ ♦iS 00 

Vol. m (in PrepartUian.) 

Lupton, A., Parr, G. D. A., and Per kin, H. Electricity «s Allied 

to Mining Sv^ *4 50 

Luquer, L. M. Minerals in Rock Sections ^m^ '^i 50 

Macewen, H. A. Food Inspection 8vo, *2 50 

Mackenzie, N. F. Notes on Irrigation Works 8vo, *2 50 

Mackie, J. How to Make a Woolen MiU Pay Avs), *jz 00 
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Magttire, Wm. R. Domcstie Sanitary Drainage and Piumbing 

8vo, 4 00 
Maltot, A. Compiound Engines. Trans, by R. R. Buel. 

(Science Series No. lo.) i6mo, 

Ifimsfleld, A. N. Electeo-magnets. (Science Series No. 64) 

i6mo, o 50 
liirks, £. C. R. Construction of Cranes and Lifting Machinery 

i2mo, *i 50 

~- — ConsCmction and Working of Pumps lamo, *i 50 

Kaniiiactnre of iron and Steel Tubes i2mo, *2 op 

— — MedMflical Engineering Materials i2mo, *i 00 

MwkB, G. C. Hydraulic Power Engineering 8vo, 3 50 

— ^-- Inventtons^ Patents and Designs i2mo, *i 00 

MarloW, T. 6. Drying Machinery and Practice 8vo, *5 00 

Mvali, C. F. Concise Treatise on Reiitforced Concrete Svo, *2 50 

Maralf, C. F. Reinforced Concrete Compression Member 

XHagiratt i 50 

]filEr8l^ C. F., and Dunn, W. Reinforced Concrete 4to, *5 00 

Hanttdi of Reinforced Concrete and Concrete Block Con- 

stmcfion i6mo, mor., *2 50 

Marshall, W. J., and Sank^, H. R. Gas Engines. (Westminster 

Series.) 8vo, *2 00 

Martin, O. Triumphs and Wonders of Modem Chemistry. 

8vo, *2 00 

Martin, N; Reinforced Concrete 8vo, *2 50 

mwiaie , W< W., and Undmhilly C. R. Wireless Telegraphy and 

T^phony i2mo, *i 00 

Milthot, R» B. Internal Combustion Engines 8vo, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives . .8vo, *3 50 

Shot Firer's Guide 8vo, *i 50 

lAowell, J. C. Matte r and Motion. (Science Series No. 36.) 

i6mo9 o 50 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal 

andSimitary Engineering 4to, *io 00 

McCtitfough, R. S. Mechanical Theory of Heat 8vo, 3 50 

Mcintosh, J. G. Techm^gy of Sugar 8vo, U 5o 

Xiidufltriil AMbfii,. 8vo, *3 00 
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Mcintosh, J. 6. Manufacture of Varnishes and Kindred In- 
dustries. Three Volumes. 8vo. 

VoL L Oil Crushing, Refining and Boiling *3 50 

Vol. n. Varnish Materials and Oil Varnish Making *4 00 

Vol. m. Spirit Varnishes and Materials *4 5o 

McKnight, J. D., and Brown, A. W. Marine Multitubular 

Boilers *i 50 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series 

No. 20.) i6mo, 

McMechen, F. L. Tests for Ores, Minerals and Metals. . . i2mo, 

McNeill, B. McNeill's Code 8vo, 

Mcpherson, J. A. Water- works Distribution 8vo, 

Melick, C. W. Dairy Laboratory Guide i2mo, 

Merck, £. Chemical Reagents; Their Purity and Tests Svo, 

Merritt, Wm. H. Field Testing for Gold and Silver . i6mo, leather, 

Messer, W. A. Railway Permanent Way Svo (In Press.) 

Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and 

Machine Design 4to, 

Michell, S. Mine Drainage Svo, 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris 

and H. Robson Svo, 

Miller, £. H. Quantitative Analysis for Mining Engineers . . Svo, 
Miller, G. A. Determinants. (Science Series No. 105.). .i6mo, 

Milroy, M. £. W. Home Lace-making i2mo, 

Minifie, W. Mechanical Drawing Svo, 

Mitchell, C. A. Mineral and Aerated Waters Svo, 

and Prideauz, R. M. Fibres Used in Textile and 

Allied Industries Svo, *$ 00 

Mitchell, C. F. and 6. A. Building Construction and Draw- 
ing i2mo 

Elementary Course, *i 50 
Advanced Course, *2 50 

Modern Meteorology i2mo, i 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 

Svo, *2 00 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, 

Spanish-English Technical Terms 64mo, leather,. *i 00 
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Moore, £. C. S. New Tables for the Complete Solution of 

Ganguillet and Kutter's Formula 8vo, *5 oo 

Morecroft, J. H., and Hehre, F. W. Testing Electrical Ma- 
chinery 8vo, *i 50 

Moreing, C. A., and Neal, T. New General and Mining Tele- 
graph Code 8vo, *5 00 

Morgan, A. P. Wireless Telegraph Construction for Amateurs. 

i2mo, *i 50 

Moses, A. J. The Characters of Crystals 8vo, *2 00 

Moses, A. J., and Parsons, C. I. Elements of Mineralogy . . Svo, *2 50 
Moss, S. A. Elements of Gas Engine Design. (Science 

Series.) i6mo, o 50 

The Lay-out of Corliss Valve Gears. (Science Series). 

i6mo, o 50 

Mulford, A. C. Boundaries and Landmarks Svo, *i 00 

Mullin, J. P. Modern Moulding and Pattern-making. . . . i2mo, 2 50 
Munby, A. £. Chemistry and Physics of Building Materials. 

(Westminster Series.). Svo, *2 00 

Murphy, J. G. Practical Mining i6mo, i 00 

Murphy, W. S. Textile Industries, 8 vols *2o 00 

Murray, J. A. Soils and Manures. (Westminster Series.). Svo, *2 00 

Naquet, A. Legal Chemistry i2mo, 2 00 

Nasmith, J. The Student's Cotton Spinning Svo, 3 00 

Recent Cotton Mill Construction i2mo, 2 00 

Neave, G. B., and Heilbron, I. M. Identification of Organic 

Compounds i2mo, *i 25 

ITeilson, R. M. Aeroplane Patents Svo, *2 00 

Nerz, F. Searchlights. Trans, by C. Rodgers Svo, *3 00 

Nesbity A. F. Electricity and Magnetism (In Preparation.) 

ITeuberger, H., and Noalhat, H. Technology of Petroleum. 

Trans, by J. G. Mcintosh Svo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears. .8vo, i 50 

Nicol, G. Ship Construction and Calculations Svo, *4 50 

Nipher, F. £. Theory of Magnetic Measurements. . . . i2mo, i 00 

Nisbet, H. Grammar of Textile Design Svo, *3 00 

Nolan, H. The Telescope. (Science Series N 51.) i6mo, o 50 

Noll, A. How to Wire Buildings i2mo, i 50 
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North, H. B. Laboratory Experiments in General Chemistry 

i2mo, '^'i oo 

Nugent, E. Treatise on Optics i2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook. . . i2mo, leather, 3 50 
Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Trans, by 

William Francis. (Science Series No. 102.). . . . i6mo, o 50 

Olsen, J. C. Text book of Quantitative Chemical Analysis . .8vo, *4 00 
Olsson, A. Motor Control, in Turret Turning and Gun Elevating. 

(U. S. Navy Electrical Series^ No. i.) . ...i2mo, paper, *o 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems . . 8vo, *3 00 

Pakes, W. C. C, and Na^dvell, A. T. Hie Sciesce of Hygiene. 

8vo, *i 75 
Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, 

Jr 8vo, *4 00 

Pamely, C. Colliery Manager's Handbook 8vo, ""lo 00 

Parker, P. A. M. The Control of Water 8vo, 

Parr, G. D. A. Electrical Engineering Measuring Instruments. 

8vo, *3 so 
Parry, E. J. Chemistry of Essential Oils and Artificial Per- 
fumes 8vo, *5 00 

Parry, E. J. Foods and Drugs. Two Volumes 8vo. 

Vol. I. Chemical and Microscopical Analysis of Food 

and Drugs *7 . 50 

Vol. n. Sale of Food and Drugs Acts *3 oe 

Parry, E. J., and Coste, J. H. Chemistry of Pigments 8vo, *4 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo^ "'3 00 

Parshall, H. F., and Hobart, H. M. Armature Windings .... 4to, *7 50 

Electric Railway Engineering 4to, *io 00 

Parshall, H. F., and Parry, E. Electrical Equipment of Tram- 
ways {In Press,) 

Parsons, S. J. Malleable Cast Iron 8vo, *2 50 

Partington, J. R. Higher Matiiematics for Chemical Students 

i2mo, *2 00 

Textbook of Thermodynamics Svo, (In Press.) 

Passmore, A. C. Technical Terms Used in Architecture ...8vo, *3 50 

Patchell, W. H. Electric Power in Mines Svo, *4 00 
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Paterson, G. W. L. Wiring Calculations umo, *2 oo 

Patterson, D. The Color Printing of Carpet Yarns 8vo, *3 50 

Color Btatching on Textiles 8vo, *3 00 

The Science of Color Mixing 8vo, *3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare 

Pipes Svo, *2 00 

Transmission of Heat Through Cold-storage Insulation 

i2m0y *i 00 

Payne, D. W. Iron Founders' Handbook (In Press.) 

Peddie, R. A. Engineering anti Metallurgical Books lamo, *i 50 

Peurce, B. System of Analytic Mechanics 4to, 10 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) 

8vo, *2 00 

Perkin, F. M. Practical Method of Inorganic Chemistry . . z2mo, *i 00 

Perrine, F. A. C. Conductors for Electrical Distribution . . . 8vo, *3 50 

Perry, J. Applied Mechanics Svo, *2 50. 

Petit, G. White Lead and Zinc White Paints Svo, * i 50 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. 

Hubbard, and J. H. Ledeboer Svo, *i 50 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) 

i6mo, o 50 
Philbrick, P. H. Beams and Girders. (Science ^ries No. 88.) 

z6mo, 

Phillips, J. Engineering Chemistry Svo, *4 50 

Phillips, J. Gold Assaying Svo, *2 50 

Dangerous Goods Svo, 3 50 

Phin, J. Seven Follies of Science.. i2mo, *i 25 

Pickworth, C. N. The Indicator Handbook. Two Volumes 

i2mo, each, i 50 

Logarithms for Beginners i2mo, boards, o 50 

The Slide Rule i2mo, i 00 

Plattner's Manual of Blowpipe Analysis. Eighth Edition, re- 
vised. Trans, by H. B. Cornwall Svo, ^4 00 

Plympton, G.W. The Aneroid Barometer. (Science Serie8.).i6mo, o 50 

How to become an Engineer. (Science Series No. 100.) 

i6mo, o 50 

Van Nostrand's Table Book. (Science Series No. 104). 

i6mo, o 50 
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Pochet, M. L. Steam Injectors. Translated from the French. 

(Science Series No. 29.) i6mo, o 50 

Pocket Logarithms to Four Places. (Science Series.) i6mo, o 50 

leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics. Svo, *s 00 

Pope, F, G. Organic Chemistry lamo, *2 25 

Pope, F. L. Modern Practice of the Electric Telegraph. . . . Svo, i 50 
Popplewell, W. C. Elementary Treatise on Heat and Heat 

Engines i2mo, *s 00 

Prevention of Smoke 8vo, *3 50 

Strength of Minerals Svo, *i 75 

Porter, J. R. Helicopter Flying Machines i2mo, i 25 

Potter, T. Concrete Svo, *3 00 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of 

Industrial Chemistry.) Svo, *a 00 

Practical Compounding of Oils, Tallow and Grease Svo, *3 50 

Practical Iron Founding i2mo, x 50 

Pratt, K. Boiler Draught iimo, *i 25 

Pray, T., Jr. Twenty Years with the Indicator Svo, 2 50 

Steam Tables and Engine Constant Svo, 2 00 

Calorimeter Tables Svo, 1 00 

Preece, W. H. Electric Lamps (In Press.) 

Prelini, C. Earth and Rock Excavation Svo, ♦a 00 

— ^ Dredges and Dredging Svo, *3 00 

Graphical Determination of Earth Slopes Svo, *2 00 

Tunneling Svo, *3 00 

Prescott, A. B. Organic Analjrsis. Svo, 5 00 

' and Johnson, 0. C. Quantitative Chemical Analysis. Svo, *3 50 

and Sullivan, E. C. First Book in Qualitative Chemistry 

i2mo, *i 50 

Prideaux, E. B. R. Problems in Physical Chemistry Svo, *2 00 

Pritchard, O. G. The Manufacture of Electric-light Carbons. 

Svo, paper, *o 60 
Pullen, W. W. F. Application of Graphic Methods to the Design 

of Structures i2mo, *2 50 

Injectors: Theory, Construction and Working i2mo, *i 50 

Pulsifer, W. H. Notes for a History of Lead Svo, 4 00 

Purchase, W. R. Masonry^ i2mo, *3 00 
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Putsch, A. Gas and Coal-dust Firing 8vo, *3 oo 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 00 

Rafter, G. W. Mechanics of Ventilation. (Science Series No. 

33.) i6mo, o 50 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series.) .... i6mo, o 50 

. and Baker, M. N. Sewage Disposal in the United States 

4to, *6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Railway Shop Up-to-Datc 4to, 2 00 

Ramp, H. M. Foundry Practice (In Press,) 

Randau, P. Enamels and Enamelling 8vo, *4 00 

Rankine, W. J. M. Applied Mechanics 8vo, 5 00 

Civil Engineering 8vo, 6 50 

Machinery and Millwork 8vo, 5 00 

The Steam-engine and Other Prime Movers 8vo, 5 00 

Useful Rules and Tables 8vo, 4 00 

and Bamber^ E. F. A Mechanical Textbook 8vo, 3 50 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains 8vo, *3 00 

Rasch, £. Electric Arc Phenomena. Trans, by K. Tomberg. 

(In Press.) 

Rathbone, R. L. B. Simple Jewellery 8vo, *2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. 

Trans, by H. B. Brydon 8vo, *! 50 

Rautenstrauch, W. Notes on the Elements of Machine Design, 

8vo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and 
Empirical Design. 

Part L Machine Drafting 8vo, *i 25 

Part II. Empirical Design (In Preparatiori.) 

Raymond, E. B. Alternating Current Engineering i2mo, '^2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, *2 50 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery 

Trades 8vo, ^3 50 

Recipes for Flint Glass Making i2mo, *4 50 

Redfem, J. B. and Savin, J. Bells, Telephones. (Installa- 
tion Manuals Series.) — i6mo, o 50 
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Redgrovey H. S. Experimental Mensuration izmo, 

Redwood, B. Petroleum. (Science Series No. 02.) i6mo, o 50 

Reed, T. Guide to the Slide Rule (In Press.) 

Reed's Engineers' Handbook 8vo, *5 00 

Key to the Nineteenth Edition of Reed's Engineers' Hand- 
book 8vo, *3 00 

Useful Hints to Sea-going Engineers i2mo, i . 50 

Marine Boilers i2mo, 2 00 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students ... oblong 4to, boards, i 00 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. 

Morris and H. Robson i2mo, *2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. 

by A. Morris and H. Robson 8vo, *2 50 

Spinning and Weaving Calculations 8vo, *5 00 

Renwick, W. G. Marble and Marble Working 8vo, 5 00 

Reynolds, O., and Idell, F. E. Triple Expansion Engines. 

(Science Series No. 99.) i6mo, 50 

Rhead, G. F. Simple Structural Woodwork i2mo, *! 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, 

Richards, W. A. and North, H. B. Manual of Cement Testing 

Richardson, J. The Modem Steam Engine 8vo, 

Richardson, S. S. Magnetism and Electricity i2mo, 

Rideal, S. Glue and Glue Testing. . . , 8vo, 

Rimmer, E. J. Boiler Explosions 8vo, 

Rings, F. Concrete in Theory and Practice i2mo, 

Reinforced Concrete Bridges i2mo. 

Ripper, W. Course of Instruction in Machine Drawing. . . folio, *6 00 
Roberts, F. C. Figure of the Earth. (Science Series No. 79.) 

i6mo, o 50 
Roberts, J., Jr. Laboratory Work in Electrical Engineering 

8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, *2 00 

Robinson, J. B. Architectural Composition 8vo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

(Science Series No. 24.) i6mo, o 50 

Railroad Economics. (Science Series No. 59.) i6mo, o 50 
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Robinson, S. W. Wrought Iron Bridge Membtfs. (Science 

Series No. 60.) i6mo, o 50 

Robson, J. H, Machine Drawing and Sketduag 8vo, *i 50 

Roebling, J. A. Long and Short Span Railway Bridges. . folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry . . 12010, *i 50 

and Aubert, A. B. Industrial Chemistry 8yo, *5 00 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) 

i6mo, o 50 
Rohland, P. Colloidal and its Crystalloidal State of Matter. 

Trans, by W. J. Britland and H. £. Potts i2mo, "^i 25 

Rollins, W. Notes on X-Light 8vo, 5 00 

Rollinson, C. Alphabets Oblong i2mo, i 00 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-Running i2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.) . .Svo, *2 00 

Rosenhain, W. Glass Manufacture. ( Westminster Series. ). .8vo, *2 00 

Ross, W. A. Blowpipe in Chemistry and Metallurgy. . . i2mo, *2 00 
Rossiter, J. T. Steam Engines. (Westminster Series.) 8vo {In Press.) 

Pumps and Pumping Machinery. (Westminster Series.) 

8vo (In Press.) 

Roth. Physical Chemistry 8vo, *2 00 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F.J. I^actical Physics of the Modem Steam-boiler.Svo, *3 00 
Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corro- 
sion. (Science Series No. 27.) i6mo, o 50 

Roxburgh, W. General Foundry Practice 8vo, *3 50 

Ruhmer, £. Wireless Telephony. Trans, by J. Erskine- 

Murray 8vo, *3 50 

Russell, A. Theory of Electric Cables and Netw<M:ks 8vo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph. i2mo, i 25 

Saeltzer, A. Treatise on Acoustics i2mo, i 00 

Salomons, D. Electric Light Installations. i2mo. 

Vol. I. The Management of Accumulators 2 50 

Electric Light Installations. i2mo. 

VoL II. Apparatus 2 25 

VoL III. Applications i 50 

Sanford, P. G, Nitro-ezplosives 8vo, *4 00 
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Saunders, C. H. Handbook of Practical Mechanics i6mo, 

leather, 

Saunnier, C. Watchmaker's Handbook iimo, 

Sayers, H. M. Brakes for Tram Cars Svo, 

Scheele, C. W. Chemical Essays Svo, 

Scheithauer, W. Shale Oils and Tars Svo, 

Schellen, H. Magneto-electric and Dynamo -electric Machines 

Svo, 

Scherer, R. Casein. Trans, by C. Salter Svo, 

Schidrowitz, P. Rubber, Its Production and Uses Svo, 

Schindler, K. Iron and Steel Construction Works i2mo, 

Schmall, C. N. First Course in Analjrtic Geometry, Plane and 

Solid i2mo, half leather, 

Schmall, C. N., and Schack, S. M. Elements of Plane Geometry 

i2mo, 

Schmeer, L. Flow of Water Svo, 

Schumann, F. A Manual of Heating and Ventilation. 

i2mo, leather, 

Schwartz, E. H. L. Causal Geology Svo, 

Schweizer, V., Distillation of Resins : . . Svo, 

Scott, W. W. Qualitative Chemical Analysis. A Laboratory 

Manual Svo *i 50 

Scribner, J. M. Engineers' and Mechanics' Companion. 

i6mo, leather, i 50 

Searle, A. B. Modem Brickmaking Svo, *5 00 

Searle, G. M. " Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) Svo. o 50 

Seaton, A. E. Manual of Marine Engineering Svo, 8 00 

Sea ton, A. E., and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 

Rubber and Gutta Percha. Trans, by J. G. Mcintosh 

Svo, 
Seidell, A. Solubilities of Inorganic and Organic Substances . Svo, 

Sellew, W. H. Steel Rails 4to, 

Senter, G. Outlines of Physical Chemistry i2mo, 

Textbook of Inorganic Chemistry i2mo, 

Sever, G. F. Electric Engineering Experiments Svo, boards. 
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Sever, 6. F., and Townsend, F. Laboratory and Factory Tests 

in Electrical Engineering 8vo, 

Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy i2mo, 

Sewell, T. Elements of Electrical Engineering 8vo, 

The Construction of Dynamos 8vo, 

Sexton, A. H. Fuel and Refractory Materials i2mo, 

: Chemistry of the Materials of Engineering i2mo, 

Alloys (Non-Ferrous) 8vo, 

The Metallurgy of Iron and Steel 8vo, 

Sejrmour, A. Practical Lithography 8vo, 

Modern Printing Inks 8vo, 

Shaw, H. S. H. Mechanical Integrators. (Science Series No. 

83.) i6mo, o 50 

Shaw, P. E. Course of Practical Magnetism and Electricity . 8vo, *! 00 

Shaw, S. History of the Staffordshire Potteries Svo, *2 00 

Chemistry of Compounds Used in Porcelain Manufacture .8vo, *5 00 

Shaw, W. N. Forecasting Weather Svo, 

Sheldon, S., and Hausmann, E. Direct Current Machines . . Svo, 

Alternating-current Machines Svo, 

— *— Electric Traction and Tranconission Engineering Svo, 

Sherriff, F. F. Oil Merchants' Manual i2mo. 

Shields, J. E. Notes on Engineering Construction i2mo, 

Shreve, S. H. Strength of Bridges and Roofs Svo, 

Shunk, W. F. The Field Engineer i2mo, mor., 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture Svo, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils. 

Svo, 

Simms, F. W. The Principles and Practice of Leveling Svo, 

Practical Tunneling Svo, * 

Simpson, G. The Naval Constructor i2mo, mor., 

Simpson, W. Foundations Svo (In 

Sinclair, A. Development of the Locomotive Engine. 

Svo, half leather, 

— ^- Twentieth Century Locomotive Svo, half leather, 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 

Svo, *2 00 
and Bacon, W. N. The Testing of Wood Pulp — Svo, *2 50 
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Sloane, T. O'C. Elementary Electrical Calculations i^mo, *2 qo 

Smith, C. A. M. Handbook of Testing. Vol.1. Umttiuto.. *3 50 

and Warren, A. G. New Steam Tables 8yo, *i ^5 

Smith, C. F. Practical Alternating Currents and Testing . . 8vp, *2 50 

Practical Testing of Dynamos and Motors 8vo, *3 00 

Smith, F. E. Handbook of General Instruction for Mechanics. 

i2mo, I 50 

Smith, J. C. Manufacture of Paint 8vo, *3 00 

Paint and Painting Defects *i 50 

Smith, R. H. Principles of Machine Work zamo, *3 00 

Elements of Machine Work i»no, *2 eo 

Smith, W. Chemistry of Hat Manufacturing i2mo, *3 00 

Snell, A. T. Electric Motive Power 8vo, ^4 00 

Snow, W. G. Pocketbook of Steam Heating and Ventilation. 

(In Press.) 
Snow, W. G., and Nolan, T. Ventilation ai Buildings. (Science 

Series No. 5.) i^mo, o 50 

Soddy, F. Radioactivity 8vQ, *3 oo 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, *2 00 

Sothern, J. W. The Marine Steam Turbine 8vo, *s 00 

Southcombe, J. £. Chemistry of the Oil Industries. (Out- 
lines of Industrial Chemistry) Svo, *3 eo 

Soxhlet, D. H. Dyeing and Staining Marble. Traas. by A. 

Morris and H. Robson 8y», *2 50 

Spang, H.W. A Practical Treatise on Lightning Protection. z2nw, i -90 
Spangenburg, L. Fatigue of Metals. Translated by S. H. 

Shreve. (Science Series No. 23.) ij6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Willing. Topo- 
graphical Surveying. (Science Series No. 72.). . i6mo, o 50 

Speyers, C. L. Text-book of Physical Chemistry IJvq, ♦^i j»5 

Stahl, A. W. Transmission of Power. (Science Series No. a8.) 

Stahl, A. W., and Woods, A. T. Elementary Mechanism . . xamOf *2 mo 
Staley, C, and Pierson, G. S. The Separate System of Stwetage, 

8vo, ^3 00 

Standage, H. C. Leatherworkers' Manual flvo, *3 50 

Sealing Waxes, Wafers, and Other AdhasivM 8yo, ^j oo 

Agglutinants of all Kinds for all Purposes i2mo, *3 50 
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Stansbie, J. H. Iron and SteeL CWestminster Series.) • • 8vo, ^^200 

SteAdman, f . M. Unit Photography and Actmometiy {In Press.) 

StBtnman, D. B. Suspension Bridges and Cantileyers. (Science 

Series No. 127.) o 

Sttvens, H. P. Paper ttill Chemist i6mo, 

Steyenson, J, L. Blast-Fumace Calculations i2mo, leather, 

Sft'wrtfrt, A. tfodem Polyphase Machinery iimo, 

Stewart, G^. Hfodern Steam Traps i2mo, 

S^s^ A. fables for Field Engineers. i2mo, 

Sfifinian, P. Steam-engine Indicator i2mo, 

Stodola,{A. Steam Turbines. Trans, by L, C. Loewenstein . 8vo, 

Sf<me, H. The Timbers of Commerce 8vo, 

Stone, Gen. R. New Roads and Road Laws i2mo, 

Stopes, M. Ancient Plants 8vo, 

The Study of Plant Life 8vo, 

Stumpf, J. tJna-Flow Steam Engine 4to, 

Sudborougfi;, J, J., and James, T. C. Practical Organic Chem- 
istry i2mo, 

SttflUng, B. R. Treatise on the Art of Glass Painting 8yo, 

StiggiCte,- A. Elements of Engineering Estimating i2mo, 

StMltf, K. Intents, Designs and Trade Marks. (Westminster 

Series.) 8vo, 

SHWet, S. H. Special Report on Coal 8yo, 

S(#inburne, J., Wordiogham, C. H., and Martin, T. C. Electric 

Currents. (Science Series No. 109.) i6mo, o 50 

^OOpe, C. W. Practical Lessons in Electricity i2mo, *2 00 

TaUfer, L. Bleaching Lif^n and Cotton Yarn and Fabrics. 8vo, *5 00 
Tate, J. S. Surcharged and Different Forms of Retaining-walls. 

&i«nce Series No. 7 i6mo, 

f aylor, E. K. Small Water Supplies i2mo, 2 00 

Terry, H. L. India Rubber and its Manufacture. (Westminster 

Series.) 8vo, *2 00 

Thayer, S. H. Structurid Desigs 8yo, 

Vol. I. Elements of Structural Design *2 00 

VoL fi. ]>esign of Simile Steuctures {In Preparatum,) 

Vol. ffl. Design of Adyanced Structures {In Preparation.) 

Thiess, J. S., and Joy, G. A. Toll Telephone Practice 8vo, *3 50 
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Thorn, C, and Jones, W. H. Telegraphic Connections. 

obl<Hig x2mo I 50 

Thomas, C. W. Paper-makers' Handbook (In Press,) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development 8vo, *s 00 

Thompson, S. P. Dynamo Electric Machines. (Science Series 

No. 75.) i6mo, o so 

Thomson, G. Modem Sanitary Engineering, House Drainage, 

etc 8vo, *3 00 

Thornley, T. Cotton Combing Machines 8vo, *s 00 

Cotton Spinning Svo, 

First Year *! 50 

Second Year ^ . . : *2 50 

Third Year *2 $0 

Cotton Waste Svo, *3 00 

Thurso, J. W. Modern Turbine Practice Svo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 

94.) i6mo, o So 

Tillmans, J. Water Purification and Sewage Disposal. Trans. 

by Hugh S. Taylor Svo, *2 00 

Tinney, W. H. Gold-mining Machinery Svo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry. Svo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints Svo, "^3 00 

Materials for Permanent Painting •. . . lamo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship Svo, "^7 50 

Tonge, J. CoaL (Westminster Series.) Svo, *2 00 

Townsend, F. Alternating Current Engineering.. . .Svo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision Svo, *i 25 

Transactions of the American Institute of Chemical Engineers. 
Five volumes now ready. Vols. I to V, 1908 to 19 12, 

Svo, each, *6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 

mor., I 00 
Trinks, W., and Housum, C. Shaft Governors. (Science 

Series No. 122.) i6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) 

i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis Svo, 3 50 
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Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. 

Pearse , 8vo text and folio atlas, lo oo 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the 

Compound Steam-engine. (Science Series No. 8.) 

i6mo, 

Turrill, S. M. Elementary Course in Perspective i2mo, *i 25 

Underbill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings iimo, *2 00 

Urquhart, J. W. Electro-plating i2mo, 2 00 

Electrotyping i2mo, 2 00 

Electric Ship Lighting i2mo, 3 00 

Usbome, P. 0. G, Design of Simple Steel Bridges Svo, *4 00 

Vacher, F. Food Inspector's Handbook i2mo, *2 50 

Van Nostrand's Chemical Annual. Second issue 1909 i2mo, *2 50 

Year Book of Mechanical Engineering Data. First issue 

1912 (In Press.) 

Van Wagenen, T. F. Manual cf Hydraulic Mining i6mo, i 00 

Vega, Baron, Von. Logarithmic Tables Svo, half mor.,. . 2 00 

Villon, A. M. Practical Treatise on the Leather Industry. 

Trans, by F. T. Addyman Svo, *io 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. 

Salter Svo, *2 00 

Volk, C. Haulage and Winding Appliances Svo, *4 00 

Von Georgiovics, G. Chemical Technology of Textile Fibres.. 

Trans, by C.Salter Svo, *4 50 

Chemistry of Dyestuffs. Trans, by C. Salter Svo, *4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in 

Arithmetic and Algebra. (Science Series No. 16.) . i6mo, o 50 

Wabner, R. Ventilation in Mines. Trans, by C. Salter. . .Svo, *4 50 

Wade, E. J. Secondary Batteries Svo, *4 00 

Wadmore, J. M. Elementary Chemical Theory i2mo, *i 50 

Wadsworth, C. Primary Battery Ignition i2mo, *o 50 

Wagaer, E. Preserving Fruits, Vegetables, and Meat i2:no, *2 51 

Waldram, P. J. Principles of Structural Mechanics i2mo, *3 00 

Walker, F. Aerial Navigation Svo, 2 cd 

— ^yimo Building. (Science Series No. 98.) i6mo, o 50 
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Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. . i2mo, *2 00 

Electricity in Mining 8vo, ♦a 50 

Wallis-Taylcr, A. J. Bearings and Lubrication 8vo, *i 50 

Motor Vehicles for Business Purposes 8vo, 3 5 > 

Pocket Book of Refrigeration and Ice Making i2mo, 15^ 

Refrigeration, Cold Storage and Ice Making 8vo, *4 5 >> 

Sugar Machinery i2-_-' . '- .: . ) 

Wanklyn, J. A. Water Analysis i23C; 2 co 

Wansbrough,W.D. The ABC of the DififerentialCalculus. 12110, *i 50 

Slide Valves i2r::c, *2 00 

Ward, J. H. Steam for the Million 8'. 0, i 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 3 1.) 

i6mo, o so 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal i2mo, 2 00 

- How to Drain a House i2mo, i 25 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography, (Westminster Series.) Svo, *2 00 

Watson, E. P. Small Engines and Boilers i2mo, 125 

Watt, A. Electro-plating and Electro-refining of Metals *4 50 

Electro-metallurgy i2mo, i 00 

The Art of Paper Making ♦$ 00 

The Art of Soap-making 8vo, 3 00 

Leather Manufacture 8vo, *4 00 

Weale, J. Dictionary of Terms used in Architecture 1 2mo, 2 50 

Weale's Scientific and Technical Series. (Complete list sent on 

application.) 
Webb, H. L. Guide to the Testing of Insulated Wires and 

Cables i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) ... 8vo, *2 00 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, "'6 00 

sheep, *7 50 
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 

8vo, *3 75 

Welch, W. Correct Lettering (In Press.) 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes 

i2mo, *i 50 
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We3nnouth, F. M. Drum Armatures and Commutators. .8vo, *3 oo 

Wheatley, O. Ornamental Cement Work (In Press.) 

Wheeler, J. B. Art of War i2mo, i 75 

Field Fortifications i2mo, i 75 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building 8vo, 3 00 

White, G. T. Toothed Gearing i2mo *i 25 

Whithard, P. Illuminating and Missal Painting i2mo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) 

i6mo, o 50 

Wilda, H. Steam Turbines. Trans, by C. Salter. . .i2mo, *i 25 

Wilkinson, H. D. Submarine Cable Laying and Repairing. Svo^ '^600 

Williamson, J., and Blackadder, H. Surveying 8vo {In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Cal- 
culations i2mo, *i 00 

Wimperis, H. E. Internal Combustion Engine 8/0, *3 00 

Primer of the Internal Combustion Engine i2mo, i 00 

Winchell, N. H., and A. N. Elements of Optical Mineralog}i .8vo, *3 50 
Winkler, C, and Lunge, G. Handbook of Technical Gas-Analy- 
sis 8vo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.).! 6mo, 050 
Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 

70.) i6mo, o 50 

Modern Gun Cotton. (Science Series No. 89.) i6mo, o 50 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 
Worden, E. C. The Nitrocellulose Industry. Two Volumes. 

8vo, *io 00 

Cellulose Acetate 8vo {In Press.) 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Simple Method for Testing Painter's Materials 8vo, *2 50 

Wright, F. W. Design of a Condensing Plant i2mo, *i 50 

Wright, H. E. Handy Book for Brewers 8vo, *5 00 

Wright, J. Testing, Fault Finding, etc. for Wiremen (Installa- 
tion Manuals Series) i6mo, *q 50 
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Wright, T. W. Elements of Mechanics 8vo, *2 50 

Wright, T. W., and Hayf ord, J. F. Adjustment of Observations 

8vo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers. . .8vo, ^4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodjrnamics. Trans. . by J. F. 

Klein. Two Volumes Svo, ♦S 00 

Zimmer, G. F. Mechanical Handling of Material 4to, ""lo 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport Svo, *2 00 

Books sent postpaid to any address on receipt of price 

Descriptive circulars and complete catalogs may be had on application 
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D.Van Nostrand Company 

are prepared to supply, either from 

their complete stock or at 

short notice. 

Any Technical or 

Scientific Book 

In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books, D.Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 



25 Park Place New York 
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This book may be kept 

FOURTEEN DAYS 

A fine of TWO CENTS will bechai^ged 
for each day the book is kept overtime. 
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